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H E R  M A J E S T Y  
Q U E E N  M A R G A R E T  O F  I T A L Y
W H O S E  LO V E  F O R  O U R  M O U N T A IN S  
A N D  Z E A L  F O R  T H E  A D V A N C E M E N T  O F  S C IE N C E  
H A V E  B E E N  M Y B E S T  E N C O U R A G E M E N T  IN  MY LA B O U R S 
T H IS  BO OK  IS H U M B L Y  D E D IC A T E D

P R E F A C E
I M A D E  prepara tions for this expedition  im m ediately  after th e  con­struction  o f the  R egina M argherita  H u t (on th e  sum m it o f M onte  R osa at a  he igh t o f 4 ,560 m etres above sea-level). T h e  b e tte r to  study 
certain problem s of A lp ine physiology a sojourn  of a  few weeks on the 
summit seem ed to m e necessary, and  as it was no t possib le  to  carry  ou t 
a series of exact researches on m an  w ith the  sole assistance o f th e  guides 
and porters, I  asked  th e  M inister o f W ar for perm ission to  take  w ith m e ten  
soldiers o f th e  A lpine reg im ent u n d er th e  com m and  o f an  arm y-surgeon.
On the in tim ation  o f the  acquiescence of th e  M inistry  I  w ent to  Iv rea 
where the A lpine reg im ent was sta tioned . M y errand  being  m ade know n, a 
num ber o f soldiers im m ediately  offered to  jo in  th e  expedition  to  th e  glaciers 
of M onte R osa. I  shall often have occasion to  m ention  b y  nam e those  who 
accom panied m e ; I  take, however, th is early opportun ity  of rem ark ing  th a t 
their behaviour an d  d iscip line w ere w orthy of all praise, a n d  of giving 
expression to  my feelings o f adm ira tion  for th e  sterling  qualities o f these 
hum ble com rades o f m ine, to  w hom  likewise m y heartiest thanks are  due.
T he  first m onth , from  th e  19th o f Ju n e  to  th e  n t h  o f Ju ly , 1894, was 
devoted to  p relim inary  researches w ith the  ob jec t o f ascerta in ing  th e  physio­
logical conditions o f th e  soldiers. As it was necessary to  know  w hat was the ir 
power o f resistance to  fatigue a t ord inary  elevations, I  le t them  m arch w ith 
arms and  baggage from  Iv rea  to  T u rin , a  d istance o f 60 k ilom etres. I  had  
purposely chosen som e soldiers who were very strong  an d  o thers o f average 
strength: these I d iv ided  in to  two squads. I  sta rted  w ith one squad  and  
made the ascen t a t a  slow rate  o f progress, ab o u t 1,000 m etres per week. 
T he o ther division clim bed  up  to  th e  sum m it o f M onte  R osa  rapidly, em ­
ploying only th ree days, th e  rest being  by th a t tim e installed  in  th e  R eg ina  
M argherita H u t, aw aiting the ir arrival. T h is  arrangem en t was m ade w ith 
the in ten t o f d iscovering th e  effect o f slow an d  rap id  changes o f a ltitu d e  on 
the organism.
Some physiologists have stud ied  m an  in th e  A lps u n d er cond itions so 
unfavourable th a t they d id  no t succeed  in  separating  th e  effects o f fatigue a n d  
cold from those o f d im in ished  barom etric  pressure. T h e  liability  to  error 
under d isadvantageous circum stances being know n to  me, I  took  every p re ­
caution to ensure all necessary com forts as well as satisfactory victualling.
X PRE FAC E
T o  th e  M inister o f P ub lic  In s truc tion , Sig. G uido Baccelli, who kindly 
co n trib u ted  1,350 lire tow ards th e  expenses o f th e  expedition, I  offer sincerest 
thanks.
O ne single m isfortune cast a  gloom  over us du ring  our so journ  on the 
A lps : th e  illness o f th e  sold ier R am ella, who was seized w ith an  inflam m ation 
o f  th e  lungs w hile we w ere in  th e  R egina M argherita  H u t. T h e  ra ther serious 
na tu re  of the a ttack  in te rrup ted  our investigations an d  obliged us to  start 
hom ew ards sooner th an  had  been  our in ten tion , ten  days having been  spen t 
on  the sum m it o f M onte  R osa.
My bro ther, U golino M osso, Professor o f Pharm acology a t the U niversity  
o f G enoa, D r. V itto rio  A belli, arm y-surgeon, and  Sig. B eno Bizzozero, 
m edical studen t, accom panied  m e on this expedition . T h e  last-nam ed, I 
sorrowfully record , d ied  a year la ter in th e  flower o f his age, to  the deep  
regret o f all who knew  him . Sig. B. Bizzozero’s artistic  ta len t m ade me select 
h im  to b e  th e  pho tog rapher o f ou r expedition. F rom  his beautifu l collection 
o f pho tographs I  have taken  a  few views which, rep roduced  as illustrations in 
th e  following work, give an  idea o f the  surroundings am idst w hich our 
investigations w ere carried  on. I  am  no less in deb ted  to  Sig. V itto rio  Sella 
for several adm irab le  photographs.
I  have long cherished  the p ro ject o f w riting an  easily understood  book, 
founded  on  th e  observation  o f hum an  life u n d er a special group  of conditions, 
so as to  show w ith in  this narrow er field w hat is th e  m odern  tendency  o f 
physiology as well as th e  m ethods now followed in  studying  th e  w ondrous 
m echanism  o f ou r body. I  have been p rom p ted  n o t by the passion for 
m ountaineering , no r even th e  wish to  preserve som e record  of happy hours 
spen t in the  A lps, b u t by th e  hope o f thereby  m aking a  hum ble con tribu tion  
to  hum an  physiology.
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Valley of Gressoney.
C H A P T E R  I
M U S C U L A R  F O R C E  S T U D IE D  A T  G R E A T  H E IG H T S
I S H A L L  always rem em ber th e  accoun t Jo sep h  M aquignaz gave m e of the construction  of th e  first h u t on th e  M atterhorn . W e w ere sitting  together in the  T h éo d u le  H u t, n ear th e  fire, aw aiting th e  cessation  o f a  
furious storm .
No work had  ever before been  con tinued  for a  w hole w eek toge ther a t 
such a  height on th e  A lps, M aquignaz to ld  m e. T h e  hu t, s itua ted  a t an  
altitude of 4 ,114 m etres, was constructed , I  believe, in  1867. A ll th e  guides 
of Val T ou rnanche w ent up  in  relays a n d  took  ab o u t th ree  weeks to  finish it. 
Maquignaz an d  his com panions found  w ork m uch  m ore fatiguing a t this 
height; while hew ing th e  b locks of stone  they  had  to  stop  to  take  b rea th  every 
time a few blows had  been  struck , a  necessity  unknow n to  th em  in  th e  plain 
even after a  m uch g reater exertion.
D uring the tim e they  were a t th is a ltitude, exposed to  w ind a n d  snow, an d  
sleeping on the rock a t  night, the ir appe tite  failed. O nce, w hen M aquignaz 
wished to  force h im self to  finish p art o f the  wall in  haste, he  was seized 
with oppression on th e  chest an d  w ith such a  difficulty in  b rea th ing  th a t he 
almost fainted.
M aquignaz was a  m odest m an . D uring  th e  w hole o f th e  day th a t we
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spen t together, h e  w ould n o t even have to ld  me, if I  had  n o t asked  him , th a t 
h e  h ad  perform ed th e  sam e ascen t on w hich he  was accom panying me, when 
conducting  th e  Q ueen  o f Ita ly  up  th e  B reithorn . H e  seem ed to  be  ignorant 
o f th e  fact th a t he  was one of th e  g reatest au thorities in  th e  A lpine world. 
O nly once h e  said jokingly  th a t th e  M atterhorn  was th e  university  for 
m oun ta in  clim bers. I  to ld  h im  w ith a  sm ile th a t as professor in  th is 
university  he  far surpassed m e in m ine.
M aquignaz was laconic, b u t answ ered willingly, nevertheless, the  questions 
I  k ep t pu ttin g  to  h im  for th e  p leasure o f hearing  h is replies so full o f good 
sense. “  I  d id  n o t pay th e  least heed ,” he said, “  to  the  bodily  d istu rbances 
caused  by  living a t g reat altitudes, because I  knew  th a t the  rarefied a ir does 
n o t h u rt one, a n d  a good rest p u ts  all righ t again. T h e  b rea th ing  a lters,”
F ig . I.— Ergograph.
h e  w ent on, “  an d  a  p ipe will no t keep alight in  th e  sam e way. O ne needs the 
patience  o f a  Jo b  to  p reven t it from  going ou t an d  to  strike th e  m atches. In  
fact we nearly  all left off sm oking. T h e  ropes w hich we p laced on th e  
M atte rho rn  an d  th e  ladders we m ade are  still as good as new  even after so 
m any  years,” he  to ld  m e further, “ w hereas in  th e  valley they  w ould have 
ro tted  long since. I  had  forgotten  a  w allet on  th e  M atte rho rn  in  w hich there  
was som e b read  an d  cheese, a n d  last year I  found it again an d  a te  up  the 
con ten ts, w hich were n o t a t all m usty .”
I n  Sir W . M . C onw ay’s last journey  in  th e  H im alayas, w hen a  heigh t of 
above 6,000 m etres h ad  been  reached , th e  ra te  o f progress had  to  be  slackened 
so th a t th e  ascen t con tinued  a t from  250 to  300 m etres per day .1 C onw ay’s 
guide, M attia  Z urbriggen, to ld  m e tha t, a t th e  last, he  could  n o t strike m ore 
th a n  five o r six blows w ith  th e  ice-axe w ithout stopping, w hen cu tting  steps
1 W . M artin Conway, Climbing and Exploration on the Karakoram Himalayas. London, 
1894.
in the ic e ; about a  m inu te  being  necessary for h im  to regain his b rea th . “ I t  
was not streng th  w hich was lack ing ,” he  said, “  bu t b rea th .”
If  one could  believe everything th e  guides say, as one is inclined  to  do 
when they soberly enuncia te  the ir opinions, looking a t one the  w hile in 
their good-natured way, I m ight consider m y subject as a lready  exhausted  an d  
turn to som ething else. B ut before adm itting  th a t it is n o t th e  streng th  of 
the muscles bu t the b rea th  w hich fails us w hen we w ork a t g reat heights, I  
must chronicle the experim ents w hich I  perform ed in  connection  w ith th is 
question. W e shall see th a t th e  facts o f th e  case are  very com plicated .
In  order to register th e  m echanical w ork o f the m uscles, I  construc ted  an  
apparatus 1 to  w hich I have given th e  nam e o f ergograph. F ig. i  shows the 
registering part o f th e  ergograph in its new est form. O n a  p latform  of 
iron two forked uprigh t supports sustain  two cylindrical steel bars w hich con ­
stitute the guides o f th e  m etal ru n n er w ith the  stylet w hich traces th e  
muscular contractions o f the m idd le  finger on a  sm oked  cylinder n o t show n 
in the figure. T h e  clockw ork w hich tu rn s th e  cylinder, an d  w hich was used
A B
F ig. 2—Curves written with ergograph by Prof. Ugolino Mosso, a . N orm al fatigue-curve 
in T urin .— B. Curve w ritten on M onte Rosa a t a height of 4,560 metres.
for these an d  all the  o th er graphic experim ents, is given in Fig. 9. A  little  
cord passes th rough  th e  apertu re  in  th e  axis o f th e  screw seen a t  th e  top  of 
the apparatus, then  runs over a  pulley a n d  descends, draw n dow nw ards by 
the weight. T h e  con trac tions o f the  m iddle  finger are executed  rhythm ically , 
following the m ovem ents o f a  pendu lum  or o f a  m etronom e. In  all th e  
experiments m ade on M onte  R osa  th e  rhy thm  was m arked  by a  m etronom e 
which struck th e  seconds. E very two seconds a con trac tion  was perform ed.
T he part o f th e  ergograph rep resen ted  in Fig. 1 is constructed  in such 
a m anner th a t it n o t only w rites th e  heigh t o f every con trac tion  of the  
muscles, b u t also m easures it  in m illim etres, an d  gives th e  sum  o f all th e  
contractions executed  w ithin a  given tim e. A  tape-m easure is seen in  Fig. 1 
running over two pulleys below  th e  cylindrical bars. A t every contraction  
of the m iddle finger a  pair o f n ippers draws th e  tape on to  a  leng th  corre­
sponding to th e  heigh t to  w hich th e  w eight is lifted. W hen  th e  ru n n er 
returns to its place, th e  n ippers glide over th e  tape  w ithou t m oving it,
1 A. Mosso, La Fa/ica, 1891, p. 180. Die Ermüdung, Leipzig, 1892, S. 86.
grasping it again a t the  nex t contraction . T h e  num ber o f cen tim etres to 
w hich the w eight has been  raised an d  th e  w eight itself being know n, the 
w ork accom plished  m ay be  determ ined  in kilogram m etres.
In  Fig. 2 th e  first curve to  the  left (a ) was traced  in  T u rin , th e  o ther 
(b) in the R egina M argherita  H u t, by m y b ro ther, in  th e  m anner above 
described, a  w eight o f four kilogram s being raised  w ith th e  m iddle  finger 
o f the  right hand . T h e  first vertical line to  th e  left in  this as in all o ther 
tracings form s th e  beginning o f the curve. Im m edia te ly  after every con ­
trac tion  th e  finger relaxes, re tu rn ing  to  th e  position  of repose. As the  flexor 
m uscles tire, the  contractions becom e regularly lower, un til a t last fatigue 
renders the flexors incapable  o f raising th e  weight.
T h e  lines are  w hite on a black ground, because the paper w hich envelops 
the  cylinder is sm oked, an d  a  very fine q u ill' fixed a t th e  extrem ity  of the 
lever traces a  w hite line by rem oving the soo t in its passage.
M y b ro th e r was one of the best possible sub jects for th is investigation, 
as he  had  w orked w ith  th e  ergograph for m any years. F rom  long experience 
we knew  the  profile o f his norm al curve, w hich is seen in  Fig. 2 (a ), as 
w ritten  in  T u rin  before starting  for M onte R osa. In  th is experim ent thirty- 
th ree successively decreasing con trac tions were perform ed, th e  work accom ­
plished being equal to  3"48 kilogram m etres, a  w eight o f four kilogram s being 
lifted to a heigh t o f o 'Syo m etres, w hich is the  sum  of th e  contraction- 
heights in  curve A.
T h e  second  curve, show n in Fig. 2 ( b ), was w ritten  several days after 
my b ro th e r’s arrival a t th e  R egina M argherita  H u t, w hen he  was acclim atised, 
for du ring  the first few days he was n o t qu ite  well. T h e  quan tity  of 
m echanical w ork accom plished in curve b is a  little  less th an  in  th e  p re ­
ceding one. T h e  w eight o f four kilogram s was raised  to  a he igh t o f 0 7 0 7 , 
the w ork accom plished  in  th irty  contrac tions am oun ting  only to  2'828 kilo­
gram m etres. E xcepting  tow ards th e  end, w here there  is a  slight rise, the 
curve preserves th e  type of the preceding figure registered  in th e  p la in .1
Sim ilar experim ents were m ade on myself, B eno Bizzozero, an d  on  all 
the soldiers o f the expedition . I d id  no t find th a t th e  barom etrical depression 
co rresponding  to  th e  a ltitude  of 4 ,560 m etres h ad  p roduced  in  any one a  very 
considerab le  d im inution  of force. I  refer, o f course, to  the  curves registered 
after th e  fatigue produced  by th e  ascen t h ad  d isappeared.
B esides the slight decrease in  th e  w ork accom plished , one circum stance 
becom es ev iden t w hen we com pare th e  series o f curves ob ta ined  in  T u rin  
w ith those w ritten  on  M onte  R osa ; th a t is, a  certa in  irregularity  in  these 
last.
W e m ay therefore say th a t on M onte  R osa, a t a  heigh t o f 4 ,560 m etres, 
th e  force of the m uscles is slightly d im in ished  an d  the characteristic  and  
ind iv idual fatigue-type show n by th e  ergograph som ew hat a ltered . R espect­
ing th e  w ork accom plished, the  difference betw een these curves in  som e 
persons was so sm all th a t th e  variations are, possibly, only th e  usual d iurnal 
fluctuations. T h e  greater irregularity in  th e  curves is a  sign th a t a t a  great 
heigh t the m otor-centres o f th e  nervous system  perform  their functions less 
perfectly th an  in  the plain.
1 U . Mosso, Action physiologique de la cocaïne. Archives italiennes de Biologie, tome 
xiv. p. 9. Action des principes actifs de la noix de kola sur la contraction musculaire. 
Ibidem , tome xix. p. 241. Influence du sucre sur le travail des muscles. Ibidem , tom e xxi. 
p. 293.
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Some will say th a t the  fatigue o f the  hand , o f a  single finger, indeed , as 
studied by m eans o f th e  ergograph, is too  slight to adm it o f the above ded u c­
tion. T o  m eet th is ob jection  I h ad  experim ents perform ed before leaving 
Turin in which a g reater n u m b er o f m uscles w ere exercised  a t once, in  o rder 
to be able to establish  a com parison in  cases w here a  h igher degree o f fatigue 
is concerned.
In  Fig. 3 we see one o f these  experim ents, w hich used to  be  perform ed, 
when the w eather was fine, on  th e  balcony  of the R eg ina  M argherita  H u t. 
T he soldier Sarteur holds 
in his hands two d u m b ­
bells, each w eighing five 
kilograms. A  m etronom e 
beats the seconds, an d  he 
raises the d um b  - bells 
above his head  every four 
seconds.
L et us suppose th a t 
the illustration shows th e  
starting position ; after one 
second the arm s are  ben t 
and the dum b-bells low ered 
to the level o f th e  thorax.
In  the next second  the 
arm s are stre tched  and  
the dum b-bells fall till 
parallel with th e  knees.
After the lapse o f ano ther 
second the arm s are  again 
bent and  the bells carried  
to the height o f the  thorax, 
and then a t th e  last beat, 
the arm s are  ex tended  
upwards, hold ing th e  
dum b - bells above the 
head, thus re tu rn ing  to 
the position ind ica ted  in  
the figure. In  th is position 
one second passes, then  
the dum b-bells descend  
to the thorax, an d  so on 
until the strength  gives 
out. O ne of us always 
stood beh ind  th e  persons 
dumb-bells were raised by each, th e  results th en  being  no ted . T h e  num ber 
of times accom plished  before streng th  fails varies certain ly  from  one  day 
to another, and  th e  extrem e lim it is never exactly reached, b u t in  sp ite o f 
all sources o f error there  is a  certa in  uniform ity  in the  results.
W e repeated  these  exercises a t every encam pm en t during  our ascen t of 
M onte Rosa, and  to  my surprise  I found  th a t a t an  a ltitu d e  o f 4 ,560 m etres 
much m ore work was accom plished  th an  in  T u rin .
F ig . 3—T h e soldier Sarteur perform ing dumb-bell 
exercise on the balcony of the Regina M ar­
gherita H u t (alt., 4,560 metres).
exercising, in o rder to  co u n t how m any tim es th e
T h ere  are  two causes of th is augm entation . E ven a  slight acquain tance  
w ith gym nastic exercises suffices to  render the  first intelligible. T h is  is the 
increasing resistance w hich a  co n tinued  repetition  o f th e  sam e w ork enables 
us to  oppose to  fatigue. T h e  second  source of error m ight have been  avoided, 
h ad  I  foreseen it, bu t it was too late w hen it forced itself upon  my notice. So 
long as m y soldiers rem ained  in  T u rin  they d id  no t pay due  heed  to  this 
m ethod  o f de term in ing  the ir strength , owing to the ir excitem ent a t being in a 
large town. Sim ilarly du ring  the week w hich we spen t a t the In d ra  C am p 
(alt., 2,515 m etres) pastim e was no t lacking. W e set up a  target and  
h ad  rifle-com petitions, o r else we h u n ted  m arm ots. B ut w hen we were up 
am ongst th e  glaciers, an d  still m ore so w hen shu t up  in th e  R egina M argherita  
H u t, the dum b-bell exercise becam e a  favourite diversion, each trying to 
o u tdo  th e  o th er in the num ber o f lifts. In  o rder to  e lim inate  this sp irit of 
rivalry I  a t last adop ted  the expedien t o f le tting  each perform  h is exercises 
a lone  on th e  balcony or in th e  end-room  o f th e  hu t w hich served us as a 
laboratory  an d  in w hich we had  isolated th e  sold ier R am ella, unfortunate ly  
suffering from  an a ttack  o f inflam m ation  o f the lungs.
Before starting  for M onte  R osa I reflected th a t it was n o t sufficient to 
m easure th e  streng th  in the plain an d  on th e  heights, b u t th a t the m odifica­
tion  in  th e  b reath ing  an d  ac tion  o f the  heart du ring  th e  perform ance of the 
sam e w ork m ust also be studied . T o  th is end  I coun ted  pulse an d  b reath ing  
in  all before th e  com m encem ent o f the dum b-bell exercise an d  while they  were 
well rested. W hen  the exercise te rm inated  owing to  fatigue I  again coun ted  
b rea th ing  an d  pulse. T h e  am oun t o f w ork accom plished  by th e  m en o f the  
expedition  th u s tra ined  d id  not, as a lready m entioned , d im in ish— it increased. 
I  found, how ever, in  all, th a t th e  heart an d  breath ing-apparatus hastened  
the ir m ovem ents du ring  the accom plishm ent o f th e  sam e w ork in  rarefied 
air.
I I I .
M any A lp in ists believe th a t rarefied air produces an  augm enta tion  of 
streng th . T h is  is an  illusion due to  the  fact th a t du ring  an  ascen t a m uch 
g reater am o u n t o f w ork is usually  accom plished  than  we are accustom ed  to  
in  the  plain, an d  thus, because a  true  com parison is w anting, we im agine 
ourselves stronger. W hen an  a ltitu d e  of 4 ,000 m etres is reached  th e  
d im inu tion  o f resistance to  w ork is ev iden t in a lm ost all. Before ascending 
C him borazo  W hym per m ade experim ents in connection  w ith th is sub jec t.1
T h e  road  w hich W hym per chose was perfectly  level. H e  m easured  off 
h a lf  a  m ile in th e  neighbourhood  o f Q u ito  an d  experim ented  on him self, 
coun ting  th e  m inutes w hich he  took to  cover one m ile six tim es in  succession. 
C om paring  the tim e taken  to go over the  sam e d is tance  in  L ondon  w ith the 
tim e in  Q uito  (abou t 3,100 m etres h igher), W hym per found  th a t he  w alked 
m ore slowly a t a  g reat altitude. S trik ing th e  average of the tim e-lengths 
taken  to  cover a  mile, th e  result was eleven m inutes an d  four seconds for 
L ondon  an d  eleven m inutes fifty-eight seconds for Q uito . W hym per con ­
cludes “ A s regards myself, it appeared  to  m e to  be conclusive th a t a  m arked 
effect was produced, an d  an  effect o f a k ind  w hich I  h ad  never suspected  a t 
correspond ing  altitudes (pressures) in the Alps, w here there  was no possibility 
o f applying a sim ilar tes t.”
W e shall see from  the  following experim ents th a t th e  action  of th e  heart
1 E d. W hym per, Travels Amongst the Great Andes o f the Equator. London, 1892, p. 300.
and the breath ing  a lte r m ore than  in  th e  plain, w hen th e  sam e m uscular 
exercise is accom plished in  th e  Alps. T h e  da ta  w hich I have co llected  allow 
of a more exact analysis o f th e  phenom ena  observable  in  pulse a n d  b rea th ing  
in consequence of m uscu lar exertion.
Cham ois was one of the  soldiers o f th e  second  squad, w hich cam e up 
rapidly from Ivrea to  the  sum m it o f M onte R osa. I n  T u rin , a fter lifting 
dumb-bells weighing five kilogram s each 121 tim es a t four-second intervals, his 
pulse rose from 62 to  68 beats per m inute. H is  b rea th ing  fell from  20 to  18 
movements in  the m inute, b u t th e  insp irations after th e  exertion  were deeper. 
Having reached th e  sum m it o f M onte  R osa  (alt., 4 ,560 m etres), C ham ois 
complained the first day o f headache an d  stom ach-ache, and  rem arked  m ore 
than once th a t he  could  no t b rea the  well. H e  d id  not, however, lose his 
appetite. As his radial pu lse  was too weak I  was obliged to  co u n t th a t o f 
the carotid artery.
On the 14th o f A ugust he  raised  the dum b-bells (five kilogram s each in  
weight) 119 tim es ; the pulse increasing from  94 to  120 beats per m inute. 
The num ber o f b rea ths rose from  22 to  27.1
After six m inu tes’ rest th e  b rea th ing  had  re tu rn ed  to its form er rate, 
whereas the pulse was still accelerated , even after th e  lapse o f tw enty 
minutes.
In  the grea ter n u m b er o f cases I found th a t th e  acceleration  o f the 
breathing lasts som ew hat longer ; som etim es b o th  card iac an d  respiratory  
functions gradually  becam e norm al again together. N o t w ishing to  inflict 
too many instances on th e  reader I restric t m yself to  one only of this 
kind.
T he soldier O berhoffer cam e up  directly  from  Iv rea  to th e  R eg ina  
M argherita H u t w ithout first acclim atising  him self. H e , too, d id  n o t feel 
well the first day ; his radial pulse was so w eak an d  th ready  th a t in  th is case 
also I had to  co u n t th e  pu lse  o f th e  caro tid  artery.
In  T urin , a fter raising th e  dum b-bells (o f th e  sam e w eight) a t four-second 
intervals 124 tim es, his pulse increased  from  70 to  86 beats, th e  num ber of 
breaths d im in ished  from  23 to  22 in th e  m inute . O n  M onte R osa, on  th e  
contrary, the pulse-frequency rose from 86 to  118, an d  th e  num ber o f b rea th s
1 Breathing and pulse in this observation and the following were counted during only 
30", so that I m ight better be able to follow their variations and take note o f them . Every 
line of the following table corresponds to two minutes.
Chamois (soldier), August 14th (Regina Margherita Hut).
Pulse in 30". B reathing in  30".
4.29 p.m . 47
48 
46
11 -
11
12
4.31 p.m . T he dum b-bells are raised 119 times.
4.39 p.m . 64
58
S3
53
52
52
50
52
52
14
13
14
i l
i l
10
11
10
11
LIFE OF M A N  O N  TH E H IG H  A L P S
from 24 to  28. T h is  was after raising the  five-kilogram dum b-bells 130 
tim es.1
A fter tw enty-two m inu tes’ rest th e  heart-beats a n d  b rea th s becam e norm al 
together.
IV .
C ard iac an d  respiratory  activity  is m ore liable to a ltera tion  on the A lps 
after th e  accom plishm ent o f th e  sam e am oun t o f w ork as in  th e  plain, b u t the 
rarefaction  of th e  a ir does n o t exercise an  im m ediate  influence on th e  force 
a n d  resistance of th e  m uscles, because even a t th e  heigh t o f 4 ,560 m etres 
m any persons preserve th e  sam e energy o f w hich they  have given p roo f a t 
th e  foot o f the A lps. P erhaps th e  p roducts o f fatigue affect th e  organism  
m ore in tensely  a t a  d im in ished  barom etrical pressure. O ur pulses were 
ra th e r m ore rap id  in th e  R egina M argherita  H u t w hen we stood. T h is  
agrees w ith an d  is explained  by th e  fact th a t on  M onte R osa  pulse an d  
b rea th ing  presen ted  for the  sam e am oun t o f w ork a  m ore in tense  subsequen t 
m odification th an  they  p resen ted  in th e  plain.
O n accoun t o f th e  theories to  be  subsequently  developed, I  here  com ­
m unicate  an  instance show ing th a t the  ra te  o f b reath ing  was no t always 
m odified by fatiguing m uscular work, even on th e  sum m it o f M onte R osa. 
O th e r d a ta  will be found  in  the tables a t the  end  of th e  book.
T o  illustrate  th is fact I  have selected  an  experim ent m ade in  th e  R egina 
M argherita  H u t on  one o f th e  m ost robust m en o f ou r party  : th e  soldier 
M arta, who ac ted  as cook. H e  had  to ld  m e several tim es th a t he  had  never 
felt so well as w hen acting  cook on th e  sum m it o f M onte  R osa, and, indeed, 
he w orked on con ten ted ly  w ithout ever tak ing  a  rest.
O n th e  14th o f A ugust I  to ld  him  to exercise w ith the  two five-kilogram 
dum b-bells.2
1 Oberhoffer (soldier), August 14th, 1894 (Regina M argherita H ut).
Pulse in 30*. B reathing in 30".
11.20 a.m . 43
41 ■
T he dum b-bells are raised 130 times 
11.34 a.m . 59
S2 
48 
47
44
45 
45 
45 
44
42
2 M arta (soldier) (Regina M argherita H ut).
12
12
14
15 
IS
13
IS
14
13
14 
13
12
Pulse in  30".
I O . 1 5  a -m - 4 6  ..........................................
46 .....................
A fter 185 lifts of the dum b-bells. 
10.28 a.m . 67
55 
55 
59 
58 
57 
55
B reathing in 30".
I I )
12)
12
I O
12
12
10
I O
I O
[ Norm al
T h e  frequency of the  b rea th ing  was no t augm ented , indeed , there  was a 
slight d im inution  ; th e  d ep th  o f th e  respiratory  m ovem ents was, however, 
much greater. T h is  is an  im portan t result, because we have here  an  am oun t 
of m echanical w ork so considerab le  th a t few m en w ould be ab le  to  accom ­
plish it. O nly th e  rhy thm  of the  heart was m odified, tw enty m inu tes’ rest 
being necessary before it again becam e norm al.
Any one who takes two dum b-bells, each w eighing five kilogram s, in to  his 
hands and  tries to  raise them  above his h ead  a t four-second intervals in th e  
m anner indicated , will b e  convinced  th a t th e  streng th  o f these soldiers was 
not d im inished, surpassing as it d id  th e  average m an’s strength .
O scar E c k e n s te in 1 m ade certain  observations a t an  a ltitude  o f 3,350 
metres, and  d id  no t find th a t his streng th  was d im inished.
Fatigue, like em otion, p roduces a  m ore serious a lte ra tion  in th e  activity  
of the heart than  in the respiratory  functions.
T h is law, w hich I had  already discovered in  studying  th e  m odifications 
which the organism  undergoes du ring  psychic processes, is confirm ed by the 
observations m ade during  ascents. I t  is thus p robab le  th a t th e  sudden 
alteration in th e  activ ity  o f heart an d  b rea th ing-apparatus does no t depend  
solely on the contrac tion  o f th e  m uscles. T h e  relations betw een brain, 
heart and  lungs, p resen t very com plex phenom ena . T h e  supposition  th a t 
during m uscular exertion poisonous substances are  genera ted  is tr u e ;  it is, 
however, also true  th a t pa lp ita tion  an d  oppression m ay be caused  w ithout 
preceding m uscular work.
V.
T he  increase in  our ra te  o f b rea th ing  an d  card iac pulsations w hen we 
perform any considerab le  m uscular work suggests th e  com paring  o f our 
bodies to th e  gas-m otors now used in m any industries, w hich regulate  their 
action autom atically . In  these m achines, w henever a stronger m ovem ent is 
to be accom plished, we im m ediately  no tice  th a t th e  ac tion  o f th e  p iston  is 
more rapid  an d  the belch ing  m ore frequent.
T h e  sim ile is no t perfect because our m achine is m uch m ore com plicated . 
T he oxygen insp ired  a n d  carbonic acid  p roduced  do  no t rep resen t all the  
energy called in to  play by th e  m uscles. W hen  th e  w ork is finished the 
respiration still con tinues m ore in tense, an d  th e  palp ita tion  o f th e  heart lasts 
for some tim e, because the  nervous system  m odifies th e  m etabolic  processes 
of the organism  in a  m anner no t p roportional to  th e  m echanical work 
accom plished.
In  my book L a  F a tica ,2 I  have already show n th a t poisonous substances 
are p roduced by w orking m uscles. H av ing  in jec ted  the b lood  of a fatigued 
dog into a  sleeping dog, I no ticed  the  laboured  b rea th ing  an d  the  palp ita tion  
of the heart reappear in th e  latter.
T he  increased  rapidity  o f the pulse w hich often lasts for a  very long tim e 
after the cessation o f th e  exertion, is due m ost p robably  to  th e  poisons w hich 
fatigue produces in  the  body.
T ill very recen tly  m any though t th a t th e  b rea th ing  increased  in rapidity , 
when we go upstairs, for instance, because th e  b lood  m ust e lim inate  a greater 
quantity o f carbonic  acid. T h e  recen t researches o f  Zuntz, G eppert,
1 O . Eckenstein, The Karakorams and Kashmir, 1S96, p. 152.
3 A. Mosso, I n  Fatica, p. 145. Die Ermüdung, S. 119.
F ilehne, an d  K io n k a 1 have show n th a t th e  b lood in th e  arteries is richer in 
oxygen during  w ork than  repose, an d  th a t it con tains a lesser quan tity  of 
carbonic  a c id .2
T h e  soldier Solferino perform ed dum b-bell exercise on  th e  2nd o f A ugust 
w hile we were encam ped  near L in ty  H u t (alt., 3,047 m etres).
5 p.m .
Pulse in 30"
39
40
B reathing in 30" 
I O  
I O
T he 5-kilogram dum b-bells are raised 104 times.
5.10 p.m . 55
53
45
44
43
44
14
I I
I I
10
10
10
A fter four m inu tes th e  b rea th ing  had  re tu rned  to  its form er r a te ;  the 
cardiac m ovem ents only becam e norm al after tw enty m inutes.
T h e  day afterw ards I  sen t th is sam e soldier to  G ressoney for th e  m ail an d  
to  buy provisions. H ow  he passed  th e  n ight I  never learnt, b u t p robab ly  
enjoying h im self in  a tavern, because he  re tu rned  very tired  tow ards m idday 
th e  nex t day, an d  gave m e th e  im pression th a t he  had  d ru n k  m ore than  
usual over night.
T h e  next day, A ugust 5th, a t 9.40 a.m ., I  to ld  him  to  exercise w ith the 
dum b-bells shortly  after he  was ou t o f bed . T h e  results were as follows :—
Pulse in  30" B reathing in 30"
29   9
2 8    9
2 8    9
T he dum b-bells are raised only 67 times.
9.51 p.m . 55 ................ ................  16
53 ................. ................  15
40 ................. ................  14
39 ................ ................. 13
35 ................ .............. 10
38 ................ .............. IO
38 ................. ................  9
38 ................ ................. 9
38 ................. ................. 9
37 ................. ................. 9
10.30 a.m . 39 ................ ................  9
10.45 .. 37 ................ ................  9
I I . O  „ 35 ................ ................. 9
11.30 .. 30 ................ ................  9
11.50 ,, 28 ................ ................. 9
W e see from  th is experim ent how a d ietetic  irregularity  w eakens us physically. 
A lthough  considerably  less w ork was perform ed, th e  dum b-bells being raised 
34 tim es less, Solferino experienced a m uch g reater degree of fatigue. T h e  
nu m b er o f resp irations rose to  32, th is increased  frequency con tinu ing  twelve 
m inutes longer th an  norm ally, w hereas in  th e  p reced ing  experim ent the greater
1 Pfliiger’s Archiv f ü r  Physiologie, vol. xlii. p. 189 ; vol. lxiii. p. 234.
2 Johansson has studied the influence which the activity o f the muscles exercises on the 
breath ing  and on the heart. H e  restricted his investigations to rabbits.— Skandinavisches 
Archiv f ü r  Physiologie, 1893, v|d- v. p. 21.
frequency of respiration  had  only lasted  for six m inutes. B ut the m ost 
serious effects w ere those on  th e  heart, th is organ requ iring  two hours to 
recover its norm al conditions, a lthough  th e  sub jec t rem ained  sea ted  in the 
meantim e.
Perhaps Solferino, being w eaker, had  becom e m ore sensitive to fatigue- 
poisons ; o r else in consequence o f the depression of the organism  their 
elim ination requ ired  a longer tim e.
Professor O ertel, in a very well-known b o o k 1 con tain ing  his stud ies on the 
beneficial influence w hich m ovem ent an d  m oderate  ascen ts exercise on  diseases 
of the heart an d  lungs, shows th a t after th e  fatigue o f an  ascen t th e  heart has 
already re tu rned  to  its norm al sta te  while the blood-vessels are  still d ilated. 
Even tw enty-four hours after a  toilsom e ascen t he no ticed  th a t the 
tension o f th e  arteries was less w hen registering  the  pulse w ith the  sphygm o- 
graph. I  d id  no t m easure the pressure in Solferino, bu t I  believe it was little 
dim inished, because th e  pulse ra te  was norm al an d  less than  w hat it had  been  
on A ugust 2nd.
T he  action  o f nervous system  w hich is invo lved  in th e  perform ance of 
an exertion produces, in dependen t o f th e  chem ical w ork o f th e  m uscles, a  
sudden change in  th e  b rea th ing  and  in  th e  action  o f th e  heart. As a  norm al 
emotion takes away our b rea th  an d  gives us pa lp ita tion  of th e  heart, so the 
nervous system , w hen it issues a series o f o rders to  th e  m uscles, is sub jected  
to a species o f unconscious em otion  w hich w ould m odify th e  b rea th ing  even 
though the  m uscles d id  no t con tract. I  have seen an  affectionate and  
sensitive dog  take such  fright a t hearing  th e  whiz o f a  rocket a t a  great d is­
tance tha t he im m ediately  began to  b rea the  as though  he  had  been  runn ing  
hard. H a lf  an  hour later he was still panting , his heart beat fast an d  his 
breathing was laboured.
All this serves to  show how close is the  connection  betw een the  b rain  an d  
the respiratory and  card iac functions, a  connection  o f w hich em otions have 
made us all aware.
In  th e  following chap te rs I shall show  m ore clearly how th e  influence o f 
a little irregularity o f d ie t predisposes to  m ountain-sickness. T h e  instance 
of the sold ier Solferino is typical o f a  w hole class o f serious com plications.
T hese  arise partly  from poisonous p roduc ts o f in trinsic  origin, partly  from  
the action  o f each p art o f th e  organism  on the o thers ; often th e  phenom ena 
become so inextricable th a t we do no t succeed in  d is tingu ish ing  w hich is the 
cause and  w hich th e  effect.
V I.
In  works on m oun tain  clim bing one often reads o f travellers fainting. 
A lexander von H u m b o ld t’s experience o f th is k ind  in  S ou th  A m erica 2 is well 
known.
“ Once, on th e  volcano o f P ich incha ,” he writes, “  I  was seized, though 
without any bleeding, w ith such  vio lent pains in  th e  stom ach, accom panied  
by dizziness, th a t I  was found  lying unconscious on th e  g round  im m ediately  
after parting from my com panions. T h e  a ltitude  was inconsiderab le , being 
only 13,800 feet (4 ,206 m etres).”
In  the study o f fatigue a t different heights I d id  n o t restric t m yself to
11. Oertel, Handbuch der allgemeinen Therapie der Kreislaufs-Störungen. Leipzig, 
1S91, p. 195.
2 Notice sur deux tentatives cP ascension du Chimborazo p ar Alexandre de Humboldt. 
Annales de Chimie et de Physique, tonte lxviii. 1838, p. 401.
coun ting  the ra te  o f b reath ing, b u t also registered  it, because the respiratory 
dep th  m ay change, a lthough  the rate  o f m ovem ent rem ain  th e  sam e. T h e  
necessity  o f brevity  preven ts my in troducing  th e  num erous curves registered 
so as to  facilitate the analysis o f these phenom ena ; one, however, it will be 
well to  give, as it shows th e  effect o f a  fainting-fit p roduced  by fatigue on the 
Alps.
O n A ugust 16, 1894, a t 4.50 p m ., in  th e  R egina M argherita  H ut, I 
registered  th e  thoracic  respiration  o f C orporal Cam ozzi w ith M arey’s double 
pneum ograph . T h e  day before he had  arrived  from L in ty  H u t in good 
condition , w ithout any load, an d  in fine w eather. T h e  norm al respiratory 
curve is show n in  th e  b it o f tracing  a t th e  bo ttom  an d  to  the  righ t o f 
Fig. 4. T h e  line 1 represen ts norm al b rea th ing  o f one m inu te’s duration , 
tw enty brea ths being draw n in th a t tim e.
W hen I  h ad  rem oved th e  pneum ograph  from  th e  thorax, C orporal 
Cam ozzi took th e  two 5-kilogram dum b-bells and  raised  them  150 tim es. A t 
In d ra  C am p, w here th e  last experim ent had  been m ade, th e  m axim um  
nu m b er o f lifts h ad  been  108. T h e  exceptional figure 150 shows how 
great was h is streng th  a t th is height. A s soon as th e  exercise was finished 
I  app lied  th e  pneum ograph  again an d  registered  th e  breathing.
L ine 2 in  Fig. 4  shows th e  respiratory  curve taken  im m ediately  after the 
exertion. T h e  ra te  is 29 to th e  m inu te . T h e  pulse beats 128 tim es in 
th e  m inu te  an d  im m ediately  afterw ards tow ards th e  en d  o f the  line it rises 
to  136 tim es per m inute. In  line 3, six m inutes after th e  cessation of the 
dum b-bell exercise, I  felt th e  rad ial pu lse becom e so feeble th a t I  could 
scarcely coun t it. I  p laced my finger on th e  th ro a t in  o rder to  touch  the 
caro tid  artery  an d  coun ted  sixty pulsations in th irty  seconds. A t this po in t 
Cam ozzi to ld  m e th a t he  w ould like to  sit down, as everyth ing was growing dark  
a round  him . I looked  a t th e  curve an d  no ticed  a t once th a t for m ore than  
a  m inu te  th e  b rea th ing  h ad  been  profoundly  altered . A t A I  to ld  Camozzi 
to  sit dow n (till th en  he  had  been  stand ing) ; im m ediately  afterw ards he 
fainted.
T h e  curve, as we see, is in terrup ted . I  sprink led  his face w ith w ater and  
h e  recovered im m ediately. A s soon as he  to ld  m e th a t it was over I  began 
again  to  register the  breath ing . As m ay be seen from  line 4 o f Fig. 4 the 
resp iration  is m uch  stronger than  before, after th e  cessation o f th e  m uscular 
work, an d  alm ost twice as h igh as th e  last fragm ent w hich represen ts the 
norm al b rea th ing  before exertion. T h e  pulse, on th e  contrary, has slackened, 
beating  only 104 tim es per m inute.
T h e  last p a rt o f th e  curve having been  taken, I  d id  n o t w ish to  con tinue  
th e  registration an d  to ld  Cam ozzi to  lie dow n on a m attress in  th e  o ther room . 
H e  d id  so, d rank  a cup  of coffee, an d  after ten  m inutes w anted to  rise, assuring 
m e th a t he  was perfectly  well.
Seldom , perhaps never, have physicians had  an  opportun ity  o f following 
w ith equal p recision  th e  beginning an d  developm ent o f a  fainting-fit. T h e  
observation  th a t the  respiratory  a n d  cardiac functions were contem poraneously  
m odified is im portan t. Six m inu tes passed after the cessation o f the m uscular 
exercise before th e  w eakness m anifested  itself in th e  functions of th e  heart 
a n d  b rea th ing  apparatus. T h e  m odification w hich th e  b rea th ing  underw ent 
is in teresting , slackening som ew hat a t th e  beg inn ing  o f th e  fainting-fit, w ith a 
slight ha lt a t the beginning o f th e  expiration. T h e  m ovem ents o f th e  thorax 
becam e very superficial, gaining strength  again after th e  fit was over.
T h e  excitability o f th e  nerve centres was d im in ished  w hen the  fainting-fit

took place. T h ere  was a  species o f paresis o f the respiratory  cen tre  and  
cardiac nerves. T h e  reason of th is central effect I  canno t tell, b u t this 
observation  suffices to  convince any one th a t it is n o t th e  insufficiency of 
b rea th  w hich prevents our w orking on th e  A lps and  th a t it is no t oxygen which 
is w anting during  work. D uring  six m inutes after th e  cessation of w ork 
everyth ing seem ed to  be p roceeding norm ally. T h e  first m orb id  phenom enon  
was a d im inu tion  in th e  d ep th  an d  ra te  o f the breath ing.
T h e  b lood  con tinued  to  becom e venous during  th e  swoon. T h is  incip ient 
asphyxia d id  no t aggravate the conditions, w hich proves th a t this was no t the 
cause o f th e  sudden  d im inution  o f excitability in  the nerve centres. As soon 
as the  nervous force was re-established th e  respiratory  cen tre  sought to  com ­
pensate  for the  p reced ing  d im inu tion  o f breath ing . T h is  explains why th e  
resp iration  is now here stronger than  a t the  beginning o f line 4A of the 
curve.
H ere , too, we observed th a t th e  m axim um  ra te  o f th e  cardiac pu lsation  is 
n o t reached  during  exertion nor im m ediately after its cessation, bu t after a 
few m inu tes o f repose. In  th e  above instance  the pulse rose from  128 to 136. 
W e shall re tu rn  to  th is po in t later. In  th e  m ean tim e we have com e to the 
conclusion th a t w hen m uscular exercise ceases, the  physical cond ition  is no t 
im proved  b u t rendered  worse. Perhaps th e  unconscious em otion of the 
nervous system  during  m uscular exertion  is an  excitem ent w hich acts on the 
card iac an d  respiratory  centres. P erhaps w hen the exertion ceases, these 
centres, sinking in to  repose, a re  paralysed by fatigue-poisons.
Seeing th a t th e  sam e w ork produces on M onte R osa  a  m ore serious and  
m ore lasting  m odification o f th e  organism , we are  inclined  to  th ink  th a t we 
unders tand  w hat m ountain-sickness is. In d e e d  b o th  m ountain-clim bers and  
physiologists have th o u g h t th a t fatigue was a  sufficient explanation  of this 
d is tu rbance . In  clim bing m ountains we consum e a  g reater quan tity  of 
oxygen, they  say, th e  resp iration  no longer suffices to  com pensate  th e  losses 
w hich th e  organism  incurs th rough  m uscular work, and, therefore, m ountain- 
sickness ensues.
T h is  is th e  theory  w hich bears th e  nam e of D ufour, after w hom  also one 
o f th e  peaks o f M onte  R osa has been  christened.
T h e  experim ent w hich gives th e  m ost satisfactory support to  th is theory 
w ould seem  to  b e  th a t o f R eg n ard .1
R egnard  p laced  u n d er a  large pneum atic  bell, a  w heel w hich ro ta ted  
horizontally  like a squirrel-w heel, an d  to  w hich by m eans o f an  electric 
cu rren t he  could  im part a ro tatory  m ovem ent o f th e  desired  velocity. W ithin 
this w heel he placed a  guinea-pig, an d  regulated  th e  m ovem ent so th a t the 
an im al w alked 400 m etres in th e  hour. H e  p u t an o th e r guinea-pig within 
th e  bell ou tside o f th e  wheel in o rder to  facilitate a  com parison. T h e  pressure 
being reduced  till it corresponded  to an  a ltitude  o f 300 m etres, the re  was little 
difference observable betw een th e  two anim als, b u t from  th is degree of rare­
faction onw ards, th e  guinea-pig w ithin th e  wheel began to  fall frequently  
forwards a n d  allow itself to  be  dragged on by th e  wheel, as though  exhausted, 
whereas th e  o th er guinea-pig was quiet.
A t a  p ressure corresponding  to  th e  heigh t o f 4 ,600 m etres, the  guinea-pig 
w ithin th e  w heel fell on its back, no longer m oved its legs, letting  itself be 
dragged on as before. T h e  m achine was stopped  and  th e  anim al taken  ou t ; 
its sta te  was such th a t one w ould have th o u g h t it dead  had  it n o t been for the 
laboured  breath ing. T h e  o ther was qu ite  well.
1 Paul Regnard, La cure d'altitude, 1897, p. 119.
T his  experim ent o f Regnarci seem s sim ple and  reliable, b u t it is n o t really 
so. T h e  fact th a t th e  one an im al was in repose renders the com parison 
invalid.
T h e  guinea-pig is an  anim al th a t offers very little  resistance to w ork ; it 
runs badly, an d  even in  a ir no t rarefied, if it is k ep t in  m ovem ent, soon 
presents serious phenom ena of exhaustion , unaccustom ed  as it is to  running. 
Indeed , we see th a t in  R egnard ’s apparatus, the  guinea-pigs run  only 400 
m etres per hour. T h e  m anner in w hich I  have seen cham ois run  a t an 
altitude o f 3,500 m etres, and  th e  exertions undergone by som e of th e  soldiers 
of my expeditions, w ho carried  30 an d  40 kilogram s up  to  th e  top  of M onte 
R osa by a  steep  an d  difficult road  over th e  g lacier o f G nifetti P eak  w ithout 
any ill effects, convinced  m e th a t th e  experim ents on guinea-pigs a re  no t the 
most su itable for the study of m ountain-sickness. W e shall presen tly  see th a t 
this m alady m ay be caused  w ithout fatigue.
V II .
A lexander von H u m b o ld t1 m easured  in th e  A ndes th e  heigh t a t w hich he 
saw a condor fly, and  found  it to be  21,834 feet. T h e  b ro thers S ch lag in tw eit2 
relate th a t in  A sia they  saw eagles and  vultu res a t a  he igh t o f 23,000 feet 
and th a t for six days, while a t an  a ltitude  of 6,000 m etres on th e  Ib igam in , 
they were followed by T ib e tan  ravens th a t a te  th e  rem nan ts o f the ir food a t 
the various encam pm ents.
Sim ilar if m ore m odest observations m ay be m ade  also on our A lps, nor 
are they less w orthy o f w onder.
A lpine crows (G racili us a lp im is) often left A lagna an d  flew in flocks up 
as high as th e  R eg ina  M argherita  H u t during  our so journ  there. O nce w ith 
the telescope I  saw a  num ber fly across the  V igne G lacier in a  great spiral 
line. W e shu t ourselves in to  th e  hut, an d  I  stood  w atching them  through  
a crack, w hen they a ligh ted  n ear the doo r to  ea t the  k itchen-rem nants. T hey  
were only a  few paces d is tan t from me, an d  I  could  observe them  well ; their 
b reath ing was quiet, w hich surprised  m e considering  th a t they  had  m oun ted  
so quickly, rising for ab o u t 2,000 m etres w ithout a  halt.
Z um stein  relates th a t he  was su rrounded  by a n u m b er o f these crows on 
his first ascen t o f M onte Rosa. I  have often seen them  circling  ro u n d  the 
highest a n d  m ost deso late  o f th e  M onte  R osa  peaks where, save for a few 
insects carried  up  by the wind, every sign o f life is lacking. I  have seen them  
also in w inter, consequently  it canno t be  th a t they  or th e  vu ltu re  an d  condor 
m ount to  these heights in search  o f food. I  can n o t say why they repair 
thither, b u t they  certa in ly  do  no t suffer any inconvenience, an d  th is journey ing  
through such  rarefied air canno t cost them  any  g reat exertion.
T h e  recen t stud ies o f the  ab lest experim enters ten d  to  show th a t th e  
oxygen abso rbed  in  resp iration  increases in d irect p roportion  to  th e  work 
accom plished. W e shall see la ter th a t there  a re  o ther still m ore convincing 
facts w hich will oblige us to  a ttr ib u te  less im portance  to  th e  oxygen th a t 
we inspire as an  im m ediate  cause of th e  energy developed by th e  m uscles.
B irds living in  the  m ost elevated  regions of th e  atm osphere  m ust perform  
such energetic m uscu lar work in o rder to  sustain  them selves in  th e  rarefied
1 A lexander von H um boldt, Ansichten der N atur, Zw eiter Band, E rläuterungen 
2, S. 4.
2 H erm ann, A dolphe, and R obert Schlagintw eit, Results o f a Scientific Mission to India  
and High Asia. Leipzig, London, 1S62, vol. ii.
air, as perhaps anim als in  th e  plains never do. N o thw ithstand ing  this, it 
seem s as if am ongst all living beings, they had  th e  least need  o f oxygen in 
breathing.
O ften w hen looking a t th e  b irds circling round  M onte R osa, I used to 
th ink  th a t perhaps th e  study of fatigue in  these anim als w ould open up new 
scientific vistas, for it is inexplicable th a t they  should  be th e  w arm est o f all 
anim als and  yet those  w hich b rea the  the  least frequently. T h e  condor draws 
only six b rea th s in  th e  m inu te  (four tim es less than  we draw), an d  flies 
w ith velocity a t heights w here m an has never yet set his foot. W ere 
he  to  do so, he  w ould arrive, as H u m b o ld t says, “ in  an alarm ing asthen ic  
cond ition .” 1
1 D er Mensch befindet sich in solchen Hohen in einem beängstigenden asthenischen 
Zustande. Of. cit., p. 37.
H ôtel a t the Col d ’Olen (alt., 2,865 metres).
C H A P T E R  I I
A N  A S C E N T  O F  M O N T E  R O SA  IN  W IN T E R  (1885)
I.
MY stud ies having necessita ted  th e  experience o f a  great degree of fatigue, an d  especially o f th a t fatigue o f the eyes w hich only th e  perpetual dazzling w hite o f th e  A lpine snows can cause, th is w inter 
ascent o f M onte R osa was undertaken , no r was it, I  trust, u tterly  useless from 
a physiological po in t o f view.
L et m e first speak of th e  surroundings am id  w hich m y investigations w ere 
conducted, an d  devote  a few w ords also to  those  m ountain-clim bers who first 
began scientific researches in those  regions.
T h e  Ita lian s had  already conquered  th e  difficulties o f M onte  R osa, an d  
accurately m apped  all its peaks before it was know n on  the  n o rth  side w here 
this m ountain  was situated .
G. S tuder, in his story o f the  A lps, w rote “ th a t till 1830 Swiss topographers 
and panoram a-draw ers confounded  M onte R osa w ith th e  M ischabelhörner.” 1 
Now, any one who, from  the  Z erm att side o r from the  R eg ina  M argherita  
H u t (as seen in C hap te r X V I.) con tem pla tes the d istance w hich separates the 
sum m it o f the  M ischabelhörner from  th e  M onte R osa  group, can  w ith 
difficulty believe so recen t this a lm ost p reh isto ric  epoch  o f m ountaineering , 
when the queen o f the  A lps was still unknow n or confounded  w ith th e  lower 
m ountains stre tch ing  away to  th e  north .
1 G. S tuder, Uebcr E is  und Schnee, Bern, 1S69, ii., A bth. S. 4.
In  1788 C oun t M orozzo, p residen t o f th e  A cadem y o f Sciences o f T u r in , ' 
a ttem p ted  th e  first ascen t o f M onte  R osa. U nfo rtunate ly  he m ade the 
a ttem p t from  th e  M acugnaga side, an d  only reached  th e  heigh t o f 3,700 
m etres.
T h is  path , th e  first tried , an d  the  one from  w hich the  best view of M onte 
R o sa  in  all its g randeur is ob ta ined  was the last to  be followed up, in  
1872, after a  cen tury  of a ttem pts. T h e  nam e o f C oun t M orozzo recalls the 
m ost glorious epoch  o f Ita lian  physiology. T ow ards th e  end  of the last 
century , earlier th an  in  any  o ther country , an  exact study  of respiration  had  
b een  begun in  Ita ly . Spallanzani an d  F o n tan a  were the  greatest physiologists 
o f th a t tim e. B esides these two, Cigna, w hom  I shall m ention  later, and  
C oun t M orozzo m ust be  nam ed. T h e  m em oir o f this la tte r w ith the title  : 
Expériences eudiom ctriques su r  P air p u r  vicié p a r  la  respiration a n im a le , 
is a  w ork w hich m erits rescue from  oblivion, because th e  researches con ta ined  
in  it a re  little  different from  those w hich are  carried  on in o u r own day. T h e  
fundam enta l idea in Pau l B ert’s book on B arom etrical P ressure, th a t is, the  
analysis o f th e  air in  w hich an an im al dies from  asphyxia, w ith th e  ob ject o f 
learn ing  th e  changes w hich th e  com position  of th e  air has undergone, is one 
o f  C ourtt M orozzo’s ideas, an d  one w hich he was th e  first to  verify by m eans 
o f eudiom etrical analysis.
T h e  five ascents o f M onte R osa, by Jo seph  Zum stein, a re  perhaps from 
an  A lp in ist’s po in t o f view m ore im portan t than  the ascen t o f M on t B lanc, 
by Saussure, for Jacques B alm at had  already tw ice ascended  M ont B lanc, 
w hen he, w ith o ther seventeen guides, accom panied  Saussure.2
T h e  A cadem y o f Sciences o f T u rin  pub lished  in 1820 Z um stein ’s narrative 
in  w hich is described  th e  first expedition  w ith V incent, to  the pyram id w hich 
now  bears th e  nam e of th e  la tte r .3 T h e  accoun ts o f th e  four subsequen t 
expeditions w ere pub lished  in  G erm an in  th e  m onograph  of M onte R osa, 
w ritten  by von W eiden, who was staying a t th a t time-* in  G ressoney, w hence 
he  m ade m any ascen ts w ith Z um stein. I t  was he who gave th e  nam e of 
L udw ig’s H ö h e  to  one of the M onte R osa  peaks.
In  th e  A rchives o f th e  A cadem y o f Sciences o f T u rin  I  found  the au to ­
graphic accoun t w hich Z um stein , as corresponding  m em ber, p resen ted  to  the 
society on  M arch t ,  1824. A t th a t tim e M onte  R osa  was know n only from the 
M acugnaga side, it be ing  though t by all th a t below the  peaks o f its no rth  side 
th ere  was a deep  valley. I t  was Z um stein  w ho d iscovered the  table-land of 
ice w hich lies like an  im m ense am ph ithea tre  in th e  m idd le  o f the crown 
form ed by the M onte R osa  peaks. A m ongst the papers o f Z um stein  I  found 
also a  fine pain ting  in d is tem per o f th e  h ighest peaks o f M onte  R osa. I t  is 
rep roduced  in  Fig. 5, an d  represen ts th e  sou thern  side of the m ountain , as 
seen from  th e  hills in  the valley o f G ressoney.
T h ere  was also an o th e r o f Z um stein’s draw ings in  the  A rchives of the 
A cadem y o f Sciences, w hich I  give in  Fig. 6. I t  is a  valuable sketch, 
because it was executed  by Z um stein  -when he  had , for th e  first tim e, reached  
th e  great ice-plains s itua ted  am id  th e  peaks of M onte  R osa, an d  helps to
'  Morozzo, Stir la mesure des principaux points des Etats du Roi, M. ix. I .
2 Saussure, Relation abrégée d’un voyage à ta cime du Mont Blanc, 1787.
3 T. Zumstein e t M. V incent, Voyage sur le Mont Rose et première excursion de son 
sommet méridional. M emorie della R . Accademia delle Scienze di Torino, tome xxv., 
1820, p. 230.
4 Ludwig, F reiherr v. W eiden, Der Monte Rosa, W ien, 1824. A n abridgm ent of this 
book was printed in the “  Bibliothèque universelle de G enève,” vol. xxvii. p. 221, and vol. 
xxviii. p. 63, in 1824 and 1825.

elucidate  th e  s truc tu re  o f th e  m ountain . A t th e  foot o f G nifetti Peak, w hich 
Z um stein  ascended , is m arked  th e  spo t w here the  d istingu ished  traveller 
spen t a n igh t in  a glacier-crevasse.
In  th e  last chap te r I  have inserted  th e  rep roduction  of a  photograph, 
w hich was taken  while her M ajesty th e  Q ueen  of Italy , after reach ing  the 
foot o f Z um stein  Peak, was ab o u t to begin the  ascen t o f G nifetti Peak. All 
th e  peaks m arked  in Z um stein ’s sketch  sim ply with le tters were then  un trodden . 
In  th e  fo o t-n o te1 th e  reader will find th e  corresponding  nam es afterw ards 
given to  them . T h e  d o tted  line in  th e  sketch  ind icates th e  p a th  followed by 
Z um stein  in  h is first ascen t from  G ressoney.
I  shall, I  hope, find tim e to pub lish  a b iographical sketch  o f Z um stein 
w ith the  help  o f th e  new docum ents w hich I  have co llected  ; here  I  restric t 
m yself to  transcrib ing  a  fragm ent o f the m anuscrip t in w hich he relates his 
ascen t o f th e  peak w hich bears his nam e, an d  on w hich th e  cross o f iron 
w hich he  erec ted  m ay still be seen. Z um stein  slept a t a  he igh t o f 4,217 
m etres in  a  glacier-crevasse, no o ther, un til T ynda ll in  1859,2 having passed 
the  n igh t so high up  on th e  A lps.
“ I  saw w ith satisfaction from th e  spo t w here I stood  th a t th e  peak w hich 
we had  proposed  as th e  end  of our journey  could  be  very easily clim bed. 
T h e  great sea o f ice an d  snow show ed no crevasses ; it was sm ooth  an d  of 
dazzling w hiteness.
“ In  th e  m idst o f m y observations m y friends an d  a  few porters arrived, 
the  la tte r laying dow n their loads an d  going back  to  m eet th e  o thers. A fter 
a  few m inu tes’ rest M. M olinatti, w ho h ad  ju s t arrived, hastened  to  set up 
his theodo lite  beside m y instrum ents, b u t in  vain, for no sooner was all 
ready than  the  clouds closed  in a ro u n d  an d  above us, an d  th e  d is tan t 
sum m its were h idden  from our sight.
“  N igh t was com ing on, an d  our po rters h ad  still no t re tu rned . A  great 
p art o f ou r effects was also in th e  rear, even th e  ten t an d  th e  w ood of w hich 
we h ad  such need. I t  was six o ’clock in  th e  evening an d  no one cam e. 
T h e  therm om eter was a t — 7°. A change of 150 o f tem pera tu re  in  so short 
a  tim e h ad  a  bad  effect on  me. M y people were benum bed , w hile an  
irresistib le sleepiness began to  creep over me. My com panions saw m e grow 
suddenly  pale  ; I  felt m y streng th  a n d  courage fail. O ld  Jo sep h  Beck, an 
experienced hunter, began, however, to  shake me, to  m ake m e m ove abou t 
so as to  w arm  my blood, an d  to  len d  m e every sort o f assistance.
“ T h e  co ld  was increasing m ore an d  m ore, an d  likewise ou r dism ay. I t  
is easy to  im agine w hat ho rro r took  possession of us. W e w ere a t a  height 
o f 13,000 feet above th e  level o f th e  sea, w ith io °  o f co ld  w hich con tinued  to 
increase, w ithout shelter, w ithout fire, ou r feet on the  ice, in th e  open  air, 
exposed to  all the  rigour an d  dangers o f th e  approach ing  night.
“ W e a t last resolved to  confron t th e  g reatest perils by retracing  our steps
Altitude.
1 A. Vincent Pyramid   4,215 metres.
B. Balmenhorn ... ... ... 4,231 ,,
C. Schwarzhorn   4,334 ,,
D. Ludwig’s H ö h e   4,346 ,,
E. Parrot Peak   4,463 ,,
G. Gnifetti Peak ... ... ... 4,560 ,,
PI. Dufour Peak ... ... ... 4,635 ,,
I. Lyskamm ... ... ... 4,529 ,,
- J . Tyndall, Hours o f Exercise in the Alps, London, 1871, p. 54.
in sp ite o f th e  darkness o f th e  night, for there  was no m oon, w hen a t last 
the longed-for porters arrived w ith the ir loads. . . . W e reached  the  edge 
of th e  fissure by a wall o f snow w ith an  inclination  o f ab o u t 65 degrees. 
T h e  old hun ter, Jo seph  Beck, was th e  m ost daring, an d  th e  first who 
ventured  to  descend  to th e  bo ttom  o f  th e  p it by a series o f forty steps w hich 
he cu t h im self w ith his axe in  th e  snow  and  ice. H av ing  assu red  us th a t 
the bo ttom  was form ed o f snow  heaped  up  by th e  w ind an d  very com pact, 
we all w ent down, one a fter the  o ther, in to  this species o f tom b. W e were 
all ch illed  with cold, I, a lm ost benum bed , an d  unab le  to  a id  th e  others 
in setting  up  the ten t w hich was raised by th e  in trep id  Jo sep h  M aurice 
Zum stein, w hile our robust M arty  was laying an d  lighting  a good fire, of 
w hich we stood  m uch in need.
“ A lthough  little  inclined  to  eat, we all partook  of a  savoury soup, a n d  then  
hudd led  together in the  ten t. T h e re  were eleven o f us lying on th e  ground, 
all on the  righ t side an d  close together for fear o f freezing during  th e  night, 
an d  so we fell asleep in th e  arm s o f fate.
“ In  th e  course o f th e  n igh t I  was a ttack ed  by strong  palp ita tion  ; I felt
F ig . 6 .— A sketch by Zumstein showing his route and the peaks of M onte Rosa.
as though  I should  choke, b u t having wriggled ou t from am ong th e  o thers 
I stood up, recovered my breath  and  was soon ab le  to lie dow n quietly  again 
and  sleep till dawn.
“ W e were a t a  heigh t o f 2,188 toises above th e  level o f th e  sea (abou t the 
height o f th e  Jungfrau  in th e  H a u t B ernois) an d  193 toises, o r 1,158 feet, 
higher than  th e  spo t w here M. de  Saussure passed the n igh t on M ont Blanc.
. . . A t half-past seven in  th e  m orn ing  we w ere all ready. A t th e  d is tance  
of about ha lf a  league we passed n ear the eastern  peaks, over a  great plain  
o f snow undu la ting  like th e  waves o f th e  sea an d  a little  sloping tow ards 
Valais, an d  a  league further, still rising a t an  angle of ab o u t 30°, we arrived 
at the foot o f th e  pyram idal sum m it w hich we began to  clim b. M. M olinatti, 
inconvenienced  by th e  too  g rea t rarity  o f the  air, was forced to  stop from 
tim e to  tim e.
“ T h e  last a rê te  of snow w hich we had  to su rm oun t rose a t an  angle of 
65 degrees. W e a ttacked  it, led by th e  bold  h u n te r C astet, who, arm ed  w ith 
his axe, cu t steps in th e  snow an d  ice in w hich we could  p lace our feet. 
As we advanced  along th is d readfu l crest w hich d om ina ted  in part th e  
M acugnaga valley, th e  snow d isappeared  a lm ost entirely  an d  we had  only
sm ooth, solid  ice u n d e r our feet. I f  a  foot had  slipped we should  have 
been  lost, falling vertically dow nw ards a  dep th  of 8 ,000 feet, b u t luckily none 
o f us suffered from  dizziness in  th a t decisive m om ent.
“ A s soon as young V incen t h ad  reached  th e  sum m it he  tu rn ed  tow ards 
us, crying : 1 L ong  live th e  king, long live science ! ’ W e heartily  repeated  
th e  cry, and , g rasping th e  flag w hich we h ad  p lan ted  in  th e  ice, we all swore 
fidelity to our king a n d  to  o u r co u n try .”
I I .
I n  his book, The Pioneers o f  the A lp s ,1 C unningham  says : “  N one of 
those  who have v isited  th e  A lps du ring  th e  w inter m on ths can show such 
a sp lend id  reco rd  o f ach ievem ents as th e  Signori Sella.” M y w inter ascen t 
o f M onte  R o sa  w ith A lessandro  Sella took  place a t  th a t tim e.
Seldom  does such  a  q u an tity  o f snow  fall as in th e  w inter o f 1885. 
P ie tro  G uglielm ina, w hom  A lessandro  Sella an d  I  h ad  requested  to  ac t as 
guide, w rote to  us from  A lagna th a t th e  snow was above m an’s height. We 
left A lagna in  th e  m orn ing  of F eb ruary  13th, w earing our snow-shoes. A fter 
th ree  hou rs’ toilsom e m arch  we cam e across a  little  chapel. T h e  sun had  
m elted  the snow from  th e  eaves, an d  we sat dow n on th e  slates o f th e  roof 
to  rest. M idw ay tow ards th e  Col d ’O len we tried  a  few tim es to  find out 
th e  d ep th  o f snow, b u t even though  we th ru st the  w hole o f th e  arm  as well 
as th e  a lpenstock  in to  the  snow, we d id  no t strike th e  ground, no t even on 
th e  slopes, w here th e  d ep th  was certain ly  least. T h e  snow had  filled up 
valleys an d  torrent-beds, m aking all one level p lain . F rom  tim e to  tim e 
we stopped  to  take  b rea th  an d  shake our shoes free from  the  encum bering  
snow. B ut we kep t sinking in  m ore an d  m ore, an d  only w ith difficulty could  
we extricate  ou r feet. W e to iled  on, stum bling , falling, craw ling on our 
knees, en tang ling  ourselves in  our snow-shoes, an d  sinking som etim es as far 
as th e  w aist in to  the snow.
A t last we arrived below th e  C ol d ’O len ; ou r b rea th ing  was laboured , 
an d  our hearts  bea t so fast th a t it was an  annoyance  to  m e to  hear m ine 
pulsating. I  coun ted  as m any as a  h u n d red  and  ten  beats in- the  m inute. 
A lthough  we were only a t a  he igh t o f 2,800 m etres, th e  expedition  halted  
a t  every th irty  paces. W e w ere all exhausted , an d  m y purpose o f experi­
encing  a g reat fatigue was fully accom plished.
A t A lagna a t 7 a.m . before rising my pulse bea t a t th e  ra te  o f 59 to 
60 in  th e  m inute. B reathing, 14 per m inute. R ec ta l tem perature , 36 ’6°.
W e arrived  a t the O len inn  a t 4 .10 p .m . P u lse  114-112 . A fter a  rest 
o f fifteen m inutes th e  tem pera tu re  was 3 8 'i° . B reath ing , 16. W e see here, 
too, th a t the b rea th ing  becom es regular m uch  sooner than  th e  heart. T h e  
tem pera tu re  p resen ted  th is circum stance w orthy of note , th a t after th e  first 
two hours’ m arch  it h ad  reached  (at 10.45 a.m .) its m axim um  of 38 ‘2°, 
while th e  pulse beat a t th e  ra te  o f 122 tim es in  the  m inute . A fterw ards 
there  was a  slight d im inution  o f bo th  tem pera tu re  an d  pulse-rate, a lthough  
th e  las t p art o f th e  ascen t was m ore fatiguing.
A t 8 p .m . the  pulse  beat 80 tim es in  th e  m inute . R ec ta l tem perature,
3 6 '9°-
D uring  th e  n igh t I  s lep t little  and  was feverish, w ith a  tem pera tu re
o f 38"5°. In  th e  m orn ing  a t 7 o ’clock the  tem pera tu re  h ad  fallen to  38 -i °.
Pulse, 84. B reath ing, 19.
1 C. D . Cunningham , The Pioneers o f the Alps, London, 1888, p. 40.
T h is  is th e  fever ot fatigue w hich a ttacks us w hen, after leading a  
seden tary  life for som e tim e we perform  p ro longed  a n d  tiring  m uscular work. 
T h a t the tem pera tu re  o f the body rises in consequence  o f m ovem ent is a fact 
know n to all, an d  we shall see in  C hap te r IX . th a t the  in ternal tem pera tu re  
may reach  3 9 ’5° owing to  th e  fatigue caused  by a  sh o rt ascen t. I  should  
like here  to show  th e  characteristic  course o f the  fever o f fatigue. W hen 
th e  m ovem ent ceases th e  tem pera tu re  of the  body sinks, an d  soon falls below 
the norm al. I f  th e  exertion has been  g reat I  have no ticed  th a t in  the  
m ajority  o f persons th e  body becom es som ew hat colder, a lthough  th is is no t 
the case in all. I f  we then  rem ain  quietly  in  bed  (as in my case) an  a ttack  
o f fever w ithout shivering seizes us after an  h o u r or two, a n d  th e  tem pera tu re  
rises to  ab o u t two degrees above th e  norm al.
T h e  study  of fever is one o f th e  m ost obscure po in ts in m edicine an d  
we can say little  positively ab o u t its m echanism  an d  the  ac tua l n a tu re  o f 
th e  processes giving rise to it. Jud g in g  by analogy we m ay com pare th e  
fever o f fatigue to  the  fever w hich is caused  by contusions, fractures, and  
wounds, stud ied  by B illro th ,1 an d  la ter by V olkm ann. T h e  infection  of 
a  w ound by germ s w hich m ultip ly  rapidly an d  spread  th rough  the  organism  
is sufficient to  generate  th is fever. In  subcu taneous fractures an d  contusions, 
w hen th e  skin rem ains un in jured , an  a ttack  of fever occurs after a  few hours. 
I m ake th is com parison in o rder th a t it m ay be  unders tood  how a  serious 
blow in m odifying th e  life o f the cells in  one p a rt o f the  body, generates 
noxious substances w hich give rise to  fever. I n  extraord inary  exertions, w ith 
the excess o f life in  the m uscles and  nervous system  is closely connected  a 
p roportionate  excess o f (so to  speak) local d ea th  in th e  used-up tissues. 
F atigue w hich consum es th e  chem ical provisions o f energy of th e  organism , 
acts in the m anner o f a  fracture o r contusion, im m ediately  altering  th e  
v itality o f th e  tissues in  a  great nu m b er o f cells w hich change a n d  die. 
T h e  products o f these cells passing in to  the  b lood  ac t on the  nervous system  
and  cause fever.
T h e  d im inu tion  o f the  tem perature , w hen the  ascen t is accom plished, 
an d  its subsequen t increase beyond  th e  norm al, is therefore a  com plex 
phenom enon, an d  to  it I  shall re tu rn  w hen trea ting  o f the  fatigue o f the 
heart an d  of the  nervous depression  w hich follows g rea t m uscular exertion. 
O ne m ight th ink  th a t the fatigue-fever was a  beneficial reaction  o f nature , 
which seeks th rough  th e  g reater chem ical activity  o f th e  organism  to free 
it from th e  noxious substances w hich infest an d  foul the  body in  consequence 
of fatigue. T h e  tim e w hich elapses betw een th e  m om ent o f th e  cessation 
o f work, an d  th a t in w hich the  fever breaks ou t (in my case ab o u t six hours), 
may be th o u g h t a  period  necessary to  th e  m uscles an d  tissues to  elim inate  
com pletely th e  noxious p roducts w hich they con tain . W e m ay suppose th a t 
the blood an d  lym ph take several hours after the  beg inn ing  of repose to 
com plete fully the cleansing o f th e  m uscles, an d  to  abso rb  all th e  detritu s 
and  irrita ting  substances w hich generate  fever— or else th a t th e  nerve-cells 
which preside over the m ovem ents o f th e  blood-vessels, an d  m odera te  th e  
chem ical processes o f the  organism , are  so construc ted  th a t they  do  no t 
im m ediately react w hen these im purities ap p ea r in  the  b lood, bu t m ust be 
irrita ted  for a certain  tim e by th e  blood, co rrup t w ith th e  p roduc ts o f fatigue, 
before their reaction  becom es m anifest in  fever. T h ese  are  hypotheses and, 
unfortunately, pathologists have up  till now noth ing  b e tte r to  offer respecting  
the subject.
1 Til. Billroth, Die allgemeine chirurgische Pathologie und Therapie. Berlin, 1869, p. 91.
A t 10.30 th e  nex t day  I  took  a  cup  o f coffee w ith m ilk a n d  rose, com ­
pletely restored , a t m idday  for lunch . A ppetite  was, how ever, lacking.
3.15 p.m . R ecta l tem perature , 36'8°. Pulse, 67. B reath ing , 16.
W e left th e  O len inn  on Sunday, February  15th, a t 1 p .m ., the  tem pera­
tu re  o f th e  a ir th en  being  — 50.
12 p.m . Pulse, 68. B reath ing, 16. T em peratu re , 37°.
W e arrived a t G nifetti H u t a t  6.30 a.m ., staying here  for h a lf  an  hour 
w hile th e  sun rose. A t 10 a.m . we w ere already  on th e  V incen t Pyram id. 
Pulse, 180. T em peratu re , 39 '!° . I  was very tired. I n  m y note-book I
w rote : “  R esp iration  ra th er panting , 
does • no t correspond  to  pulse. 
T em p era tu re  o f th e  air, — ro ° ; o f  the  
snow, — 150.”
A fter th e  re tu rn  to  the  V incen t 
P yram id  a t  3.40 p.m . m y tem pera­
tu re  was 3 8 -i °. Pulse, 80. A t 
m idn igh t th e  tem pera tu re  was 3 7 'i° .
I  slep t a t n igh t an d  h ad  no 
fever. O n M onday  m orn ing  before 
rising an d  im m ediately  on  waking 
my tem pera tu re  was 36-9°. Pulse, 
60. B reath ing , 16.
T h ese  figures suffice to  show the 
course o f th e  fever o f fatigue.
F rom  A lagna to  th e  O len inn  is 
a  d is tance  o f  1,674 m etres (from 
1,191 to  2,865 m etres). M y tem ­
pera tu re  rose rapidly  du ring  the 
first two hours o f th e  m arch  and  
reached  38'2°. A t 8 p .m ., after 
four hours’ rest, it  had  becom e 
norm al again. D uring  th e  n igh t an 
a ttack  of fever occurred  w hich lasted  
till ab o u t 11 th e  nex t m orning. 
T h e  ascen t o f th e  V incen t Pyram id  
d em anded  little  less exertion, be­
cause th ough  it is only of 1,350
m etres (from 2,865 t0  4 ,215 m etres) 
the  m arch  by night, n o t w ithout 
danger over th e  glaciers, certain ly  
F ig . 7.— M ercurial m anom eter for the registra- increased  one’s fatigue. N otw ith- 
m cn tf the forCe ° f the resl,irator>’ move" stand ing , th e  n igh t after the ascen t
I  slept soundly  w ithout fever.
A t 8 .40 a.m . we left th e  C ol d ’O len in  a  snow-storm , an d  descended  
tow ards A lagna.
T h e  observation  th a t th e  fever b roke  o u t in th e  n igh t o f th e  first twenty-
four hours, after six hou rs’ rest, an d  d id  no t appear th e  nex t day  w hen I
ascended  th e  V incen t Pyram id, an d  was fatigued to  nearly  th e  sam e degree, 
shows how  in trica te  are  th e  phenom ena o f fatigue. P robab ly  my organism  
h ad  already accustom ed  itself to  exertion  during  th e  two days of exercise a t 
th e  beg inn ing  of the expedition.
■ V-.
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“  In  a book on fatigue shortly  to  be  published, I  shall explain th e  physio­
logical researches an d  experim ents w hich were th e  principal ob jec t o f this 
w inter ascen t.” T h ese  w ere th e  conclud ing  lines o f an  accoun t w hich I 
w rote o f  this ascen t o f 1885.1 T h e  investigations in to  nervous fatigue took 
up  so m uch space in th e  book  on fatigue, th a t none was left in w hich to 
speak  o f ascents.
A nd  now I  see w ith surprise th a t those  researches o f m ine are  n o t yet 
an tiquated . Tw elve years have passed, and  no physiologist has though t o f 
con tinu ing  the study  w hich I  th en  began. T h e  long neglect is regrettable, 
b u t still, th e  incom plete  experim ents o f th a t tim e have given th e  im pulse to 
th e  w riting o f this book, o f w hich they  form, as it were, th e  first nucleus.
I had  taken  w ith m e a  m ercurial m anom eter w ith w hich to  m easure the 
action  o f the  rarefied air, an d  o f fatigue on the  force o f th e  thorax. T h is  
appara tu s is show n in Fig. 7. In  o rder to  avoid a  possib le erro r arising from  
inspiration  th rough  th e  m outh , I  always p laced  a  cork  stopper in one of the 
nostrils, w hich was in  this way herm etically  closed. T h ro u g h  this stopper, 
w hich m ay be seen a t th e  end  o f th e  tu b e  in th e  figure, passes a  glass pipe, 
w hich com m unicates by m eans of an  ind ia-rubber tube  w ith th e  m anom eter. 
T h e  la tte r is a  U -form ed tu b e  o f glass half-filled w ith m ercury. T h e  stopper 
being fixed in to  th e  nose, th e  o ther nostril is closed w ith th e  finger, an d  the 
experim enter can  then  read  to  w hat heigh t the m ercury  rises during  a 
p ro found  inspiration , on th e  scale d iv ided  in to  m illim etres.
T h is  is an  easy experim ent w hich any one m ay perform  on him self, if care 
be  taken  to  place th e  m anom eter so th a t th e  scale m ay be read. I n  T u rin  I 
ob ta ined  a  negative p ressure of from 88 to  92 m m . o f m ercury. In  the 
evening, w hen I arrived a t th e  C ol d ’O len, I  repeated  th e  experim ent, and  
found  th a t th e  thoracic  force was m uch  d im inished, the values m arked  being 
th e  following :—
70 m m . 60— 60— 64— 68— 64— 60.
T h e  day after, th e  force o f insp iration  re tu rn ed  to  80 m m ., an d  the 
m axim um  reached  am oun ted  to  84 m m . o f m ercury.
W hen  we left for th e  V incen t P yram id  I took charge of th e  m anom eter 
myself, th ink ing  thus to  assure its safe carriage, the  guide G ilardi having to 
carry several in strum en ts for optical research, as well as th e  provisions. N ear 
the  sum m it th e  w ind had  hollow ed ou t th e  snow in to  great slippery steps. 
H e re  I  stum bled , and  th e  m anom eter was broken . I  was very m uch 
exhausted  w hen I  reached  the  top, a n d  w rote in  m y note-book, “ I  feel a 
difficulty in b reath ing, due  probably  to  fatigue of the  tho rax .”
H av ing  re tu rned  to  T u rin  I  stud ied  th e  fatigue o f the  m uscles w hich affect 
the inspiratory  m ovem ent, an d  found th a t they  tire in th e  sam e m anner as th e  
o th er m uscles. I  in troduce  a  curve here  in  o rder to  give an  idea of thoracic  
fatigue, the  effects o f w hich are  here  analysed for th e  first tim e.
Fig. 8 shows the  curve ob ta ined  on th e  servant o f th e  laboratory , G iorgio 
M ondo. T h e  stopper having been  p laced  in to  th e  right nostril, he  executed 
a  deep  inspiration , then , as he closed th e  left nostril, th e  m ercury  rose in the 
leg o f th e  m anom eter sub jected  to  th e  asp iration  an d  sank, o f course, in the 
o ther. T h e  floating stylet, in  sinking, m arked  the  first line to  th e  left. A fter 
the  insp iration  a  n a tu ra l expiration  followed, because th e  left nostril was
1 A. Mosso, Un' ascensione d'inverno al Monte Rosa. M ilano, F ra telli T reves, 1885.
im m ediately  opened . F o u r seconds la te r an assistan t m ade a  sign w ith th e  
hand  for the  sub jec t to  execute an o th e r insp iration , w hich is show n in  th e  
second  line, an d  so on regularly  in  four-second intervals. I n  o rder to  
econom ise space th a t p art o f th e  oscillations reg istered  above th e  line  o f 
repose is no t show n in th e  figure. I  n eed  n o t rem ind  th e  reader th a t qu ick ­
silver, being  a  very heavy liquid, oscillates, in  accordance  w ith th e  law of 
inertia, in  th e  m anom eter tube , w hen its level is raised  in  one part, as in  th is 
experim ent. W e see the h a lf o f these su b sequen t oscillations a t th e  top  of 
th e  curve a t the  base o f each  line by w hich th e  force o f th e  insp irato ry  
m ovem ent is rep resen ted .
T h e  lines gradually  decrease in  height, w hich proves th a t th e  respiratory  
m uscles are  likewise sub ject to  fatigue.
T o  th e  m any a ltera tions w hich fatigue causes in  ou r organism  we m ust 
ad d  one m ore— th e  d im inu tion  o f the  inspiratory  force o f th e  chest.
F i g . 8 . — Giorgio M ondo. Curve registered b y  a  m anom eter in communication with the 
nose in order to show the fatigue of the thorax after a  series of deep respirations.
T h e  curve, w hich is rep roduced  in its original size, gives us th e  m easure 
o f th e  insp irato ry  force w hich w ould am o u n t in th is case to  114 m m . of 
m ercury. T h is  is a useful da tum  w hich will be  o f use to  us la te r in  studying  
the action  of the  w ind on  th e  breath ing .
T h e  so-called oppression on th e  chest com plained  o f by m oun ta in - 
clim bers suffering from  m ountain-sickness is perhaps the  resu lt o f excessive 
fatigue o f the m uscles o f th e  thorax, together w ith th e  sensation  of anxiety  
w hich laboured  b rea th ing  gives rise to.
IV .
T h e  influence o f fatigue on th e  acu teness o f vision a n d  th e  percep tion  o f 
colours are  two im portan t po in ts in physiological optics w hich have n o t yet 
received th a t am ple study  w hich they  dem and. A t th e  back  o f the eye there  
is a  m em brane on w hich lum inous objects p roduce  photographs. A  red  
substance, d iscovered by B oll w hile professor in  R om e, gives a  pu rp le
co lour to  th e  back  of th e  eye ; th is substance  is destroyed  by light, and  
continually  rep roduced  by darkness.
I h ad  taken  w ith  m e a pair o f very dark  spectacles, w hich rested  th e  eyes 
w hile th e  body was undergoing fatigue. I  in tended  in  th is way to  ascertain  
th e  influence o f general fatigue on th e  eye, an d  th en  fu rther to  fatigue the  eye 
w ith th e  dazzling w hite o f the  snow  an d  glaciers in  o rder to  find ou t w hat 
degree of a lteration  there  is in our percep tion  o f colours w hen a  very in tense 
light destroys th e  visual pu rp le  w ith unusual rapidity.
I t  is know n th a t the  sense o f colours p resen ts rem arkable  individual 
differences, an d  th a t there  are persons w ho confound  red  w ith green, yellow 
w ith b lue. I  had  taken  w ith m e a  tab le t o f co loured wools arranged 
accord ing  to  H o lm g ren ’s m e th o d ,1 in  o rder to  study the m odification of the 
percep tion  o f colours from  th e  effects o f m uscular an d  ocular fatigue.
A no ther m ethod  w hich I  adop ted  consisted  in m easuring  a t w hat d istance 
th e  g radations o f co lour could  be d istinguished in  a series in  w hich a given 
tin t progressively d im inishes in in tensity , passing th rough  a  defin ite num ber 
o f  shades. F o r th is purpose also I  m ade use o f th e  H o lm gren  wools, in 
w hich a colour, green, for instance, is given in seven gradations.
I  perceived, however, w hen I  h ad  arrived a t th e  C ol d ’O len, th a t this 
m ethod , w hich had  seem ed to m e sufficiently exact for th e  study o f ocular 
fatigue in  th e  plain, was n o t o f equal efficacy in th e  m ountains, because on 
th e  heights the light is m uch  m ore vivid, so th a t even a t  th e  C ol d ’O len I 
could  see, a t a  d is tance  o f two m etres, all the  shades o f co lour m ore d istinctly  
than  in  th e  plain, and  w hen I  was on the sum m it o f th e  V incen t P yram id  the 
light was so in tense  that, in  sp ite o f th e  glare, I  cou ld  d istingu ish  th e  colours 
still be tter.
I  believe th a t ou r eye gains in  streng th  after a  few days spen t in  the  Alps. 
D oubtless th e  eye undergoes a course of training. A n a rtist w ho leaves his 
s tud io  in  w inter an d  goes to  th e  m ountains to  m ake studies, will see th e  
details o f na tu re  less accurately  than  a week later, w hen his eye has adap ted  
itself to th e  clear light. G reat m asses strongly lit up, w hich a t first seem ed 
uniform , will afterw ards develop details an d  reliefs w hich a t first w ere no t 
perceived. T h e  g radation  o f tin ts  will becom e m ore d istinct, and  h is eye 
will be ab le  to  analyse shadow s and  colours m uch better. W hen  I m ade the 
final observations a t th e  Col d ’O len, I had  already been living for th ree  days 
in  th e  m idst o f snow strongly illum inated  by th e  sun. T o  the greater 
in tensity  of light w hich enab led  m e to d istinguish  b e tte r the  shades of the 
co loured  wools, m ust, I  th ink , be  ad d ed  th e  greater strength  w hich my eye 
had  acquired  during  th ree days’ training.
In  spite o f this difficulty, w hich I was a t a  loss how to overcom e, I yet 
learn t som e im portan t facts from  these observations. E ven  w hen th e  visual 
purp le  is quite destroyed, as probably  happens w hen our eye is dazzled by the 
con tinuous glare o f th e  glaciers, we are  still ab le  to  d istinguish  th e  colours. 
Secondly, we can d istinguish  red  an d  violet, w hich are  th e  extrem e spectral 
colours, well, even w hen the eye is very tired.
A ccording to  a  m odern  theory, we have in  th e  retina, a t th e  back  of the 
eye, th ree  substances, each  of w hich gives rise to  two fundam ental sensations. 
T h e  fact th a t I  could  see equally  well b o th  yellow an d  blue, for instance, 
w hen th e  eye was very tired , seem s to  m e to  m ilita te  against th is theory.
A s soon as I no ticed  th a t th e  light was too  vivid, an d  th a t th e  possibility 
o f a com parison w ith th e  experim ents m ade in T u rin  was excluded, I  deter- 
1 D. A. Daae, Die Farbenblindheit und  deren Erkennung.
m ined, nevertheless, to  con tinue  the study in an o th e r m anner, by w riting 
dow n the ocular im pressions aw akened by the  landscape, w ith its constan t 
variation o f co lour so characteristic  o f the A lpine world. M ore especially d id  
I fix my a tten tio n  on th e  rising an d  setting  of th e  sun. T h is  was the origin 
o f th a t descrip tion  o f im pressions o f na tu re  w hich form s th e  grea ter p art o f 
the little  w ork Un’ ascensione d ’inverno a l M onte Rosa. Som e m ay have 
thought it a  literary effort ; on th e  con trary  it was a physiological study  o f my 
eyes, w ith th e  ob ject o f de term in ing  th e  s ta te  o f colour-perception  during  
fatigue.
My idea was th a t w hen the eye was excessively fatigued by the  dazzling 
snow, its lum inous sensibility  m ust dim inish , a  deficiency in  its percep tion  of 
green light be no ticeable, an d  that, in  o th e r respects also, it m ust resem ble 
the eyes o f th e  aged. M any works have already  been w ritten on the a lteration  
of colour-perception  in aged  artists, b u t as yet no one has stud ied  w ith 
sufficient exactness the  influence o f fatigue o f the re tina  on colour-perception  
and  the influence w hich excessive bodily fatigue exercises on th e  eye.
A rtists a re  certain ly  in  m uch m ore favourable cond itions th an  we physio­
logists for m aking a  thorough  study  o f these  phenom ena , because th e ir long 
exercise enables them  to judge b e tte r o f th e  shades o f colours a n d  o f their 
lum inous in tensity . P ain ters are  m uch  b e tte r acqua in ted  than  we are  w ith 
a tm ospheric  perspective, th e  tone  o f colours an d  th e ir satu ration . T h e  study 
o f shadow s, o f w hich non-artists are alm ost wholly ignorant, is to  the artist 
an  am ple p reparation  for sim ilar stud ies in th e  A lps, w here he  is ab le  to  
analyse w ith accuracy th e  con trast o f colours an d  of lights. B ecause this is 
a  new study, a n d  because its pu rsu it does no t dem and  a physiological 
training, in telligence and  som e artistic  feeling being th e  principal requisites, 
I have been tem p ted  to  dwell on th e  sub jec t in  th e  hope th a t it m ay inspire 
som e w orker w ho will con tribu te  new observations tow ards its elucidation .
T h e  a ltera tion  o f sight in T itian  during  his last years is a  fact know n to 
many. Som e th ink  th a t a  change of this k ind arises from  a grow ing opacity 
of the refracting m edia of th e  eye, from an  altera tion  of th e  transparency  of 
the  cornea an d  crystalline lens, b u t th is is no t th e  only cause.
L e t us consider R em brand t, for instance. N o p a in te r ever exacted  from 
his eyes m ore m inute , con tinuous, an d  fatiguing work. H is  engravings alone 
fill us with adm iration , an d  give us an idea o f the  con tinual effort m ade, an d  
o f th e  difficulties overcom e, before he  a tta in ed  perfection. H is  w onderful 
ability  to  d iscern  am id  the darkes t shadow s, th e  m inutest details o f objects, 
his a rt o f g raduating  th e  effect w hich th e  m odification o f a  light m ore or less 
vivid, m ore or less oblique, p roduces in the appearance  of forms, his pow erful 
use o f th e  chiaro-oscuro, all th is was th e  result o f long-continued  exertion  to  
w hich no a rtis t before h im  had  ever sub jected  him self. H is  eyes w ere so 
fatigued th a t he had  to  rest from his w ork from  the  age o f fifty-six to th a t o f 
fifty-eight years. A nd  w hen, after th is long pause, he  re tu rned  to  his work, 
his eye already gave signs o f p rem atu re  o ld  age. H is  style was changed.
In  fatigue the  force of a tten tio n  dim inishes, an d  we becom e incapab le  o f 
com plicated  m ental work. W e no tice th is in R em b ran d t’s p ictures after 
1664 ; these rep resen ting  w ork w hich no longer d em anded  long p reparation . 
I t  seem s as though  his life, so fertile in inspirations, his long experience, had  
been  in te rrup ted  ; his p ictures have becom e sim ple in  com position . T hey  
contain  as a  ru le two or th ree  large figures, as though  th e  eye rebelled  a t 
m inu te  w ork ; h is sketches are  large an d  incom plete, like th e  rep resen ta tion  
of vaguer, m ore indefin ite  ideas. M ichel w rote o f R em b ran d t : “  In  th e
course of tim e h is harm onies have becom e less com plicated , h is effects less 
subtile. T h e  num ber o f colours w hich he  em ploys becom es m ore an d  m ore 
lim ited , b u t he  uses by preference th e  richest an d  m ost a rd en t ; no m ore 
purples, b u t verm ilion reds, w ith w hich are m ingled  vivid yellows an d  tawny 
tin ts .” 1
T h e  experim ents w hich I  m ade on M onte  R osa  w hen th e  eye was forcibly 
dazzled by th e  very vivid light reflected from th e  snow an d  glaciers, led m e to 
conclude th a t even in th e  extrem e degrees o f dazzlem ent colours m ay still be 
d is tingu ished  ; th a t they  are, how ever, all m ore in tense, m ore saturated . 
L igh t yellow m elts in to  white. P a le  a n d  dark  rose-colour seem  dirty  an d  
blackish . T h e  shadow s are  less soft an d  g raduated , an d  seem  dark er to  th e  
tired  eye. G reen ten d s  to  m elt in to  blue. R ed  seem ed to  m e the  colour 
w hich th e  eye best perceives even w hen excessively fatigued.
1 E m ile M ichel, Rembrandt, sa vie, son œuvre et son temps. Paris, 1893, P- 486.
Indra Camp (alt., 2,515 metres).
C H A P T E R  I I I
R E S P IR A T IO N  O N  T H E  M O U N T A IN S
I.
BR E A T H IN G  is th a t function  of th e  organism  w hich is m ost noticeab ly  altered  during  ascents. I t  is generally  believed th a t on  th e  m oun­tains resp iration  is m ore rap id  a n d  m ore profound. Saussure, after 
his first ascen t o f M o n t B lanc, said  : “ A s th e  air a t  th a t he igh t w eighs little  
m ore than  h a lf  its usual w eight it was necessary  to  m ake up  for th e  lack  of 
density  by a  g reater frequency o f  in sp ira tions.” A n d  th is was repea ted  by all 
dow n to  Pau l B ert who is a  g rea t au tho rity  in  th is b ran ch  o f investigation. 
T h is  s ta tem en t I have been  unab le  to  confirm  by m y studies o f m an  on th e  
Alps.
I  w ould fain invite th e  reader’s im m edia te  a tten tio n  to  this fundam enta l 
diversity o f sta tem ents. W e have h ere  to  do  w ith  facts, an d  w hen I  have 
show n th a t the  b rea th ing  on th e  A lps does n o t increase e ither in  d ep th  o r in 
frequency, th a t bo th  m ay even dim inish , one step  forw ard will th u s b e  taken  
tow ards th e  consideration  o f th e  physiology o f m an  on th e  A lps from  a  new 
po in t o f view. T h e  above-m entioned  erro r orig inated  in  th e  long  d u ra tion  of 
th e  d is tu rb ing  influence o f an  ascen t, th e  observations being  m ade on persons 
who w ere no t in  a  sta te  o f  com plete  repose.
In  o rder to  exclude th is com plicating  factor, I  co u n ted  th e  ra te  o f b rea th ­
ing in my soldiers an d  in o th e r persons w ho accom pan ied  m e on th e  ascen t
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o f M onte R osa every day  for two m onths in succession, always a t th e  sam e 
hour ; in  the  m orn ing  before rising an d  in th e  evening before d inner. As the 
ra te  o f our resp iration  is ap t to  a lte r w hen we know  it is being observed, we 
ad o p ted  the m ethod  o f coun ting  first th e  pulse, an d  then , still ho ld ing  the 
fingers on the w rist as though  con tinu ing  to feel th e  pulse, we d eterm ined  th e  
ra te  o f resp iration  unknow n to the  person u nder exam ination . T h e  afternoon 
observations w ere taken  betw een th ree an d  five o ’clock, th e  soldiers lying 
dow n for ab o u t ten  m inutes in  a  horizontal position  before th e  b rea th ing  was 
coun ted  ; th e  m orn ing  observations were m ade a t six o’clock w hile the 
so ld iers were still in  bed.
In  th e  tab les o f th e  six teen th  chap te r are  ind ica ted  th e  observations m ade 
on five persons first in  T u rin , th en  during  th e  ascen t o f M onte  R osa  and  the 
retu rn . In  th e  m orn ing  D r. A belli an d  I rose in  tu rn  to  co u n t the ra te  of 
pulse an d  b rea th ing  an d  to  take th e  tem perature , th e  soldiers, as ju s t m en­
tioned, being still in  bed . O nly those observations m ade w hile th e  subjects
F ig . 9 .—A pparatus w ith lever for the tracing ot the respiratory m ovem ents. T he circle 
beneath the lever represents theoretically the section o f the thorax.
were in  a  sta te  o f com plete  repose are  no ted  in  th e  tables. T h e  frequen t 
in terrup tions in  these tab les w ith regard  to  the  tim e are  explained by the  
circum stance th a t for th e  service o f  the expedition  certain  o f th e  soldiers had  
to  rise before us, o r were de ta ined  a t a  d is tance  from  us. O th e r observations 
m ade on D r. A belli, m y b ro ther, Bizzozero, an d  myself, I  om it, as their 
results a re  in  accordance  w ith those  in  th e  tab les referred  to. T h e  results 
lead  us to conclude th a t on th e  sum m it of M onte  R osa  th e  respiratory  ra te  is 
n o t a lte red  w hen one is well rested , several o f us even b rea th ing  a t a 
d im in ished  rate.
C orporal Cam ozzi had, in  th e  R eg ina  M argherita  H u t (alt., 4 ,560 m etres), 
a  m inim um  brea th ing  ra te  o f n ine  resp irations per m inu te  ; in  T u rin  (276 
m etres above th e  sea level) h is b rea th ing  h ad  never been  so slow. T h e  
soldier, Sarteur, likewise show ed a d im inu tion  o f the  ra te  o f b reath ing, w hich
on  the  sum m it o f M onte R osa  fell as low as e igh t resp irations in  th e  m inute. 
T h e  respiratory  ra te  rem ained  una lte red  in  C orpora l Jach in i a n d  in  th e  
soldiers M arta  an d  C ento , being  in  the R egina M argherita  H u t th e  sam e as 
in T u rin .
A  d im inu tion  o f the  ra te  o f b rea th ing  was observable also in  a ll th e  
soldiers w ho ascended  rapidly  from  Iv rea  to  th e  R eg ina  M argherita  H u t. 
(See T ab les V I I .  an d  V I I I .  a t th e  end  o f th e  book .)
I  do  n o t wish to  in te rru p t the  re la tion  o f facts by  in troducing  here  th e  
statistical lists from  w hich these conclusions are  draw n. T h e  com parison  o f  
respiration , pu lse  action, an d  tem pera tu re  on h igh m oun ta ins will be  facili­
ta ted  by a  reference to  th e  ap p en d ed  tables
I I .
T h e  fact th a t on  h igh  m oun ta ins th e  ra te  o f b rea th in g  rem ains th e  sam e, 
or is, in certa in  persons, d im in ished , aw akens som e surprise. W e im m e-
F ig . IÒ .— Corporal Camozzi. Abdom inal respiratory curve traced in T urin  w ith the  lever.
diately reflect, how ever, th a t if th e  in sp irations are  m ore pro found  th e  rare­
faction  o f th e  air will be  com pensated  for.
T h e  results w hich I  ob ta ined  from  th e  reg istra tion  o f th e  resp irato ry  
m ovem ents m ay in part reply to  this supposition. In  o rder to  m easure w ith 
precision the  am plitude  of these  m ovem ents, I  took  w ith  m e u p  M onte  R o sa
F ig . I I .— Corporal Camozzi. Abdom inal respiratory curve w ritten with the  same lever in  
the Regina M argherita l l u t  (alt., 4,560 metres).
th e  appara tus show n in Fig. 9. A  slender m etal bar, tu rn in g  on  a p ivot, 
rises an d  falls as it traces th e  resp iratory  m ovem ents on  a  ro ta ting  cylinder.
L e t us suppose th a t a  m an  is lying a t full leng th  on a  table, a n d  th a t th e  
circle show n in th e  figure represen ts theoretically  th e  section  o f th e  abdom en  
o f th is person. T h e  m etal bar is low ered so th a t th e  d isc a t th e  low er en d  o f  
the perpend icu lar rod  rests on th e  abdom en . T h e  resp iratory  m ovem ents 
will raise th e  m etal bar, th e  excursions o f  w hich will b e  traced  o n  th e  sm oked  
cylinder.
Fig. io  shows a  curve taken  in th is m anner on C orporal Camozzi. E very 
lift is tw ice th e  ac tua l height, as th e  abdom en  exercises its p ressure on the 
m idd le o f th e  horizontal bar. A t every insp iration  th e  appara tu s traces an 
ascend ing  line, a t every expiration  a descend ing  line on the  sm oked paper 
fastened  ro u n d  th e  vertically  ro ta ting  cylinder. In  Fig. 9 m ay be  seen th e  
construction  o f the  clockw ork w hich effects the ro ta tion  o f th e  cylinder on 
w hich th e  lever w rites th e  respiratory m ovem ents.
O n Ju ly  5th, in  T urin , a t 6 p .m ., I  took  th e  above tracing, C orporal 
Cam ozzi perform ing tw enty respirations in  the m inute, an d  th e  rhy thm  of the 
b rea th ing  rem aining regular.
In  th e  R eg ina  M argherita  H u t (alt., 4 ,5 6 0  m etres) on A ugust 5 th  a t 
5 p .m ., I  ob ta ined  th e  respiratory  curve show n in  Fig. 11, th e  sam e apparatus
F ig . 12.— M arta (soldier). Abdominal respiration w ritten with the lever. 
A . T aken in Turin . B . In  the Regina M argherita H ut.
having  been  m ade use of, and  the position o f th e  disc being as before. T h e  
respirato ry  ra te  was only sixteen to  th e  m inute, an d  th e  inspirations were no t 
so deep.
T h e  b rea th ing  shows periods o f g rea ter an d  lesser activity, so th a t the 
line is undulating , no t all th e  expirations being  equally forcible. In  Fig. 11 
we see five o r six undu la tions in  th e  upper profile o f the  tracing  w hich are 
lacking in  Fig. 10.
H e re  it  appears ev iden t th a t th e  am p litude  an d  th e  ra te  o f b reath ing  are 
bo th  less on  M onte  R osa  than  in  T urin .
In  o th e r persons I  found  th a t th e  num ber of respirations rem ained  the 
sam e on the  m oun ta ins an d  in  th e  plain, b u t th e  am plitude  was d im in ished  
in  these cases also. O n th e  sold ier M arta, for instance, th e  u pper curve in 
Fig. 12 was o b ta ined  on Ju ly  n t h  in T u rin  a t 3 p .m ., th e  ra te  o f b reath ing  
b eing  tw enty-one to  th e  m inute . O n M onte  R osa  a t a  he igh t o f 4 ,560
m etres, on A ugust 12th, he  h ad  th e  sam e respiratory  rate, b u t the  abdom inal 
excursions were less m arked, as m ay be  seen in  th e  tracing.
T h ese  researches a re  valuable, inasm uch  as I have never observed in 
persons aw ake so weak a  resp iration  as in these two m en on M onte  R osa. 
T o  give a  convincing proof of th is fact I  m easured  the  quan tity  o f a ir which 
each  o f my com panions insp ired  in th e  p lain  an d  on th e  m ountain .
I I I .
I n  Fig. 12 th e  curves are  slightly inclined , a  c ircum stance n o t observable 
in  Figs. io  and  r r .  T h is  calls for som e explanation.
T h e  vertebral colum n in m an presen ts two very visible curves, one betw een 
th e  shoulders ro unded  exteriorly  (form ing w hen o f u ndue  size tha t 
deform ity  know n as a  hum pback), the o ther ro unded  in teriorly  in  th e  lum bar 
region. T h ese  curves change betw een m orn ing  an d  evening. W hen  we rise 
in  the  m orn ing  th e  back  is less rounded , an d  th e  belly, too, is less prom inent. 
In  th e  evening the posterio r profile o f ou r body  form s an S  m ore squa t in 
appearance , and  it is owing to  this th a t ou r sta tu re  is less th an  in  the 
m orning. T h e  m ore tired  we are, th e  sho rte r do we becom e, because the 
tru n k  is less erect, an d  its exterior an d  in terio r curves are  exaggerated. I
F ig . 13.— T he line A  b shows the flattening 01 the lum bar curve, after an ascent.
have found , accord ing  to  m easurem ents taken, th a t after an  ascen t m ountain- 
c lim bers have lost on an  average two or th ree cen tim etres o f the ir sta ture  
since th e  m orning. In  persons w ho h ad  carried  knapsacks on their 
shoulders, an d  in som e porters o f o u r expedition  w ho underw ent extra­
o rd inary  exertions, I even found  a  decrease o f four centim etres.
I t  is, I th ink , unnecessary  to  give the figures resu lting  from  all th e  different 
observations w hich I m ade. A ny one who wishes to  convince h im self o f the 
rap id ity  w ith w hich the  sta tu re  d im in ishes need  n o t perform  an  ascen t ; if he 
take a  dum b-bell weighing ten kilogram s in each hand , a n d  go up  an d  dow n 
the  stairs o f a  house several tim es in  succession, he  will find th a t his sta ture  
has d im in ished  by ab o u t a cen tim etre . A fter laborious exercise o f an  hour, 
o r  an  hour a n d  a  half, th e  sta tu re  m ay be decreased by two centim etres.
R est, taken  by lying dow n or otherwise, slowly restores th e  form er stature. 
T h e  curves o f back an d  loins open, and  th e  trunk  lengthens.
T h e  sam e appara tu s described  in  Fig. 9, slightly  m odified, serves to  trace 
th e  change of th e  lum bar curve.
All know  th a t w hen we lie dow n we can  w ithout difficulty pass the  hand  
u nder the loins. D uring  repose th is a rch  sinks gradually  lower. T h e  
change w hich takes p lace in fifteen m inutes w hen one is tired  m ay be seen in 
Fig. 13. T h e  beg inn ing  o f th e  line a  b  was w ritten  a  few m inu tes after the
arrival o f th e  sub ject a t G nifetti H u t a t 9 a.m ., a fter w alking from  th e  
encam pm en t n ear L in ty  H u t. T h e  inclination  of the  curve a  b  is sim ilar to  
th a t o f th e  curves in  Fig. 12. As th e  lum bar curve gradually  becom es 
flatter, th e  body causes th e  sinking o f th e  lever w ith w hich it is in  contact. 
T h e  m etal rod  term inating  in  th e  sty let w hich traces th e  line a  b  on th e  
sm oked cylinder is he ld  in  a  raised  position  by a  th in  elastic ring. T h e  
m ovem ent o f ex tension in the lum bar region gradually  slackens, so th a t its 
represen tative line a  b  runs tow ards th e  last a lm ost parallel w ith the  line M n . 
In  th is case th e  tracing  is th ree tim es th e  m agnitude o f th e  ac tua l change o f 
the  lum bar curve.
T h is  inclination  is lacking in  Figs. 10 an d  11 because the  person on w hom  
I  took  those  curves was no t so tired , an d  had, m oreover, been  lying on the 
tab le  for a  g rea ter leng th  o f tim e.
I t  is perhaps in  consequence o f th is stra igh ten ing  o f th e  vertebral colum n 
th a t persons w ho have been in bed  for m any days seem  taller to  us w hen they 
get up  again. T h is  exaggeration of th e  dorsal curve w hich is p roduced  in all 
during  th e  exertion o f an  ascen t certain ly  does n o t facilitate respiration . W e 
m ay convince ourselves o f this fact by draw ing a  deep  brea th , an d  we shall 
im m ediately  no tice th a t th e  vetebral colum n straightens. I t  is well to  load 
one’s self as little  as possible, an d  no t to carry a  knapsack  on the  shoulders, 
b u t ra ther an ord inary  bag, w hich m ay be  fastened ro u n d  th e  w aist w hen 
b rea th ing  becom es difficult.
IV .
In  1869 L o rte t w rote th e  respiratory  m ovem ents on M on t B lanc .1 H e  
was th e  first physiologist w ho carried  a registering  in s trum en t to  th a t a ltitude, 
b u t th e  appara tu s u sed  was so im perfect 2 th a t it is im possible to  com pare the 
curves w hich he  o b ta ined  w ith those pub lished  in  th is book. H e  found  th a t 
th e  quan tity  o f a ir in sp ired  an d  expired  was less on th e  sum m it o f M ont 
B lanc th an  a t the  G rands-M ulets, an d  less here  than  a t Lyons. H e  observed 
th a t th e  d u ra tion  o f th e  inspiration , com pared  to  th a t o f the expiration, was 
m uch less on the  sum m it o f M on t B lanc th an  a t th e  above-m entioned 
stations. In  L o rte t’s tracings there  is, besides the  ac tion  o f th e  rarefied air, 
also th e  influence o f fatigue.
T h e  experim ents on the form  o f resp iration  I  m ade by m eans o f  M arey’s 
doub le  pneum ograph . I  do  no t stop to  describe it in  detail, as a descrip tion  
m ay be found  in  all treatises o f physiology. I shall m erely m en tion  th a t as 
th e  thorax  dilates, th e  a ir becom es rarefied w ith in  two capsules closed by an 
elastic m em brane, to  w hich is a ttach ed  the  band  w hich fastens the 
pneum ograph  round  th e  thorax. By m eans of th e  elastic tu b e  th is rarefaction 
of the  a ir is tran sm itted  to  th e  tym panum  w ith lever, so th a t a t every 
insp ira tion  the  lever falls, rising a t every expiration. T h is  in s trum en t o f 
M arey is very convenien t as it registers th e  m ovem ents a t a  d istance, an d  
w ith it th e  observations m ay be con tinued  or in te rru p ted  w ithout the  sub jec t’s 
know ledge. In  th e  G nifetti and  R egina M argherita  H u ts  I m ade a  ho le  in  
th e  wall w hich separa ted  one room  from  th e  o ther ; th e  elastic  tube  of the 
pneum ograph  could  thus be  ex tended  from  th e  bed  o f th e  sleeping or resting 
sub jec t th rough  th e  ho le  in to  the  nex t room , w here it p u t in  m ovem ent the
1 L ortet, Physiologie du m al des montagnes. D eux ascensions au Mont Blanc. Revue 
des cours scientifiques, 1870, p. 119.
5 A  napnographe de Bergeon et Kastus.
registering  tym panum  ; in th is m anner I  was enab led  to  w ork w ithout 
■difficulty du ring  th e  night.
Fig. 14 shows the respirato ry  curve o f th e  so ld ier Sarteur, taken  in  the 
R eg ina  M argherita  H u t  on A ugust 11, 1894, a t 4  p.m . S arteu r was one of 
th e  strongest you ths o f ou r party . E arly  in  th e  m orn ing  he  h ad  left G nifetti 
H u t w ith Solferino an d  a  guide, all th ree  w ith tw enty kilogram s o f  p ro ­
visions on  the ir shoulders. W hen th e  curve was taken  he  h ad  been 
resting  for ab o u t four hours in  th e  hu t. R a te  o f breath ing , 11. Pulse, 74. 
T em peratu re , 3 7 ’i°.
In  Fig. 15 is show n the respiratory  curve o f the  so ld ier Solferino, w ritten  
th ree  hours an d  forty-five m inu tes after his arrival a t th e  R eg ina  M argherita  
H u t  w ith tw enty kilogram s of w ood for fuel on h is back. R a te  o f b reath ing, 
21. Pulse, 76. T em peratu re , 36'9°. T h e  tem pera tu re  o f th e  room  was 11 "5°.
T h ese  two persons o f the  sam e age, o f ab o u t th e  sam e height, living on 
■the sam e food, an d  w ho had  w alked th e  sam e distance, show a  rem arkable  
d ifference  in th e  ra te  o f breath ing.
T h e  m ost im portan t phenom enon  is th e  respiratory  pause no ticeab le  in
F ig . 14.— Sarteur (soldier). Thoracic respiration, w ritten with the 
M arey pneum ograph (R egina M argherita H ut).
b o th  tracings. A t th e  end  of an  expiration  th e  tho rax  rem ains still, an d  the 
stylet w rites an  a lm ost horizon tal line in  w hich th ree  or four (occasionally 
even six) card iac pu lsations a re  visible, w hich p roduce  an  undu la ting  line. 
T h is  form  m ay be considered  typical o f th e  resp ira tion  a t great heights.
M any physiologists deny  th a t there  is a  pause betw een expiration  and  
inspiration . A ccording to  these th e  thorax  is never m otionless— as soon as 
th e  insp iration  is finished the  expiration  begins, and  vice versa. I f  we 
■consider these tracings we shall no tice  th a t in  b o th  there  are, undeniab ly , 
long intervals betw een each  expiration  an d  th e  in sp iration  following.
T h is  respiratory  arrest is o f im portance  to  us because it shows th a t a t th a t 
heigh t there  is in th e  a ir a  sufficient q u an tity  o f oxygen to  perm it o f so slow a 
respiration  of the organism  th a t the  m ovem ents are  in  a  m anner d e tach ed  one 
from the  o ther, there  being  a  longer in terval betw een th em  th an  is generally 
observable in  th e  plain.
T h is  is an o th e r p roo f o f th e  sta tem en t I have m ade, nam ely, th a t we 
b rea th e  less a t g rea t heights.
A t 6 p.m . Sarteur was still in bed  dozing. I  w ent to  call h im  to d inner,
b u t before w aking h im  I  co u n ted  h is ra te  o f breath ing . I  coun ted  eigh t 
b rea th s in  th e  m inu te  several tim es in  succession. T h is  is th e  low est ra te  
th a t I  have ever observed in  m an  ; it is less than  h a lf  th e  ra te  given in 
physiological treatises as th e  average for h is age. W hen  I  called  h im  he  
to ld  m e th a t h e  was n o t sleeping. H e  a te  w ith appetite , a n d  was qu ite  
well.
A s to  th e  respiratory  form, we see in S arteur (Fig. 14) th a t th e  insp iration  
lasts longer th an  th e  expiration. I n  Solferino (Fig. 15) we have th e  contrary  
phenom enon . I  shall n o t de ta in  th e  reader w ith a  d iscussion o f this 
difference, only  rem ark ing  th a t th e  S arteu r type resem bles th e  b reath ing  
during  sleep, th e  Solferino type th e  w aking respiration .
<4 T w o im p o rtan t facts resu lt from  these observations. T h e  first is, th a t at 
g rea t heights th e  respiratory  organs ten d  to  pause a t th e  end  o f th e  exp iration ; 
th e  second, th a t th e  respirato ry  type m ay becom e, on  th e  m ountains, during  
th e  waking condition , sim ilar to  the  type characteristic  o f sleep. T h e  
expiration  lasts a  sho rte r tim e than  th e  inspiration , w hereas in  th e  plain, in  
th e  waking cond ition , th e  opposite  ph en o m en o n  takes place.
F ig . 15.—Solferino (soldier).— Thoracic respiration w ritten w ith the 
M arey pneum ograph (Regina M argherita H ut).
V.
In  o rder to  m easure th e  volum e o f a ir w hich we b rea the  on th e  A lps, I  
took  w ith m e two gas-m eters sim ilar to  those u sed  in  houses for th e  m easure­
m en t o f th e  consum ption  of ligh ting  gas. T h ese  m eters, w hich are  used  in  
physiological research, are, however, m uch  m ore sensitive an d  g raduated  w ith 
m uch  g reater accuracy th an  those  w hich serve for gas lighting, m ark ing  as they 
do th e  h u n d red th  p art o f a  litre. I  was, perhaps, th e  first to  use a  gas-m eter 
as a  m eans o f studying  the  resp iration  in  m an. T h is  c ircum stance, 
otherw ise o f no  im portance, I  m ention m erely as a  species o f in troduction  
to  th e  following accoun t o f m y first stud ies on  th is subject. In  1877, in 
M ilan, I  m ade certa in  researches on the  physiological action  o f  com pressed 
a ir .1 T h e  a ir was com pressed  in  an  iron  cham ber by m eans o f a  steam -
1 A. Mosso, S u l l  azione fisiologica de ll aria compressa. R . Accademia delle scienze di 
Torino, voi. xii. G iugno, 1877.
engine. T h e  appara tus was construc ted  for clin ical use, a n d  guaran teed  to  
resist an  in ternal pressure o f only th irty  o r forty cen tim etres o f m ercury.
W ishing to  experience th e  pressure o f two atm ospheres, I  took  the 
p recau tion  of streng then ing  th e  w indow  panes to  p reven t them  from  breaking. 
F o r several days I experim ented  together w ith the  labora to ry  servant, 
A gostino C audana. By m eans o f taps w hich w ere in  the  iron  cham ber, we 
w ere ab le  slowly to  g raduate  th e  pressure un til th e  m ercurial m anom eter 
m arked  seventy-six cen tim etres above th e  atm ospheric  pressure. T h e  
p ressure thus ob ta in ed  w ould co rrespond  to  th a t a t  th e  bo tto m  o f a shaft 
6,000 m etres deep , for had  we b een  ab le  to  descend  tow ards th e  cen tre  o f 
th e  earth , we shou ld  have experienced  th e  sam e pressure a t th a t d istance 
below  sea-level.
Fig. 16.—Gas-meter, valves and gutta-percha mask for the measurement ot the 
amount of air inspired.
F o r th e  collection  o f the  air w hich en ters an d  issues from  th e  nose in  
b rea th ing  th rough  th e  m eter, I  m ade use o f a  gu tta-percha m ask, m odelled  on 
th e  face, w ith a  tube  co rresponding  to  th e  position  of th e  nostrils. A lthough  
tw enty years have passed since then , th is gu tta-percha  m ask still seem s to  m e 
the best m ethod  for studying  th e  breath ing . I  have tried  various appara tus 
used  by physiologists for th e  collection  o f th e  air, th e  nose being  closed by 
n ippers, b u t all occasioned such  discom fort com pared  w ith th e  gu tta-percha 
m ask, th a t I  ab an d o n ed  them  again.
O n th e  expedition  up  M onte  R osa  I  took  w ith m e six o f  these  g u tta ­
percha  m asks. O f these one o r m ore served for tw o or th ree  persons in 
w hom  th e  conform ation o f th e  face was ab o u t th e  sam e. By m eans o f 
pu tty  softened w ith oil o r vaseline, th e  m ask  is herm etically  closed  ab o u t 
th e  roo t o f th e  nose, th e  cheeks, and  u n d er th e  chin.
T h e  tu b e  d ivides a t a  short d istance from th e  m ask in to  two branches 
com m unicating  w ith two valves know n as M iiller’s valves. T h ese  valves serve 
th e  purpose o f im pelling in to  th e  m eter all th e  a ir b rea th ed  by the  subject, 
w hich m ay thus be  exactly m easured. O th e r figures con ta ined  in  subsequen t 
chap te rs will show  how th e  m ask was app lied  to  th e  face. F o r  these experi­
m en ts we lay dow n on  th e  ground, th e  head  being  slightly raised  by an 
ind ia-rubber cushion.
F rom  the  experim ents com m unicated  a t th e  end  of th is volum e we see th a t 
th e  d ep th  o f th e  respiratory m ovem ents does no t increase on M onte  R osa 
w hen the  subjects are  in  a  sta te  o f com plete  repose.
V I.
M y first A lp ine  investigations in to  b rea th ing  were begun in  1882 a t the 
C ol d u  T h éo d u le  (alt., 3,333 m etres), w here I m ade use o f a m eter such as has 
ju s t been  described. G iorgio M ondo, laboratory  servant, was my sub jec t in 
these experim ents. H e  was a t th a t tim e a  robust young m an o f twenty-six 
years o f age. O n  S eptem ber is t  we h a lted  a t C hâtillon  (alt., 1,566 m etres) in  the 
valley o f A osta, w here I  took som e m easurem ents o f resp ired  a ir in o rder to  com ­
pare  them  w ith those taken  in T urin . “  O n th e  day following a t 9 a.m ., we 
p roceeded  w ith two guides an d  two m ules laden  w ith the  cases o f instrum ents. 
A s it was p a rt o f my program m e to  study  th e  effects o f a  lo n g  m arch on the 
A lps w ithout previous training, we w alked on till evening w ith our m ountain  
knapsacks on our shoulders, m aking a h a lt in V al T o u rn an ch e  an d  an o th e r at 
th e  M atterhorn  H o te l in  o rder to  eat. In  th e  evening, tow ards 5 p.m ., we 
a rrived  a t the foot o f th e  g lacier o f V al T ou rnanche . W e were surprised  by a 
very dense fog w hich rendered  th e  crossing of th e  g lacier ra th er arduous. A t 
8 .30 p.m . we arrived a t th e  T h éo d u le  H u t, so tired  th a t it was no t possible to 
perform  any experim ents. O ne hour after ou r arrival a t th e  Col du  T héodu le , 
M on d o ’s tem pera tu re  was 3 8 7 0 an d  m ine 38‘3°. T h is  fatigue fever con tinued  
th rough  th e  night, an d  we slep t little  an d  badly. W e were b o th  tro u b led  by 
in testina l pains an d  w ere very thirsty.
“  In  th e  afternoon o f the  nex t day we perform ed th e  ascen t o f th e  Breit- 
ho rn  (alt., 4,148 m etres) a  g reat exertion for M ondo, w ho h ad  never before been 
on  a  glacier. In  th e  evening, w hen we re tu rn ed  to  the  Col du  T h éo d u le , M ondo 
was very m uch exhausted, an d  w ent to  bed  a t 6 p .m . I  was very tired , had  
lost my appe tite  an d  d id  n o t feel well. O n th e  m orn ing  of S ep tem ber 3rd, 
M ondo’s lace was swollen and  the eyelids so cedem atous, th a t he  could  scarcely 
open his eyes. T h e  erysipelas in th e  face an d  hyperæ m ia of the  eyes increased 
so rapidly th a t in  th e  afternoon  we decided  to  leave th e  Col du  T héodu le , 
hop ing  to  be  ab le  to  re tu rn  an o th e r tim e w hen we w ould take th e  p recautions 
necessary to  allow o f a  longer stay .”
T h is  quo ta tion  from  th e  m em oir w hich I pub lished  in 1884 on  the. respira­
tion o f  m a n  011 high m oun ta in s,1 serves as a critique o f those first observations 
w hich form  th e  basis o f th e  m ore com plete  researches recen tly  carried  ou t 
on  M onte  R osa. I t  is ev iden t th a t a t th e  T h éo d u le  m y sub jec t was tired  and  
no t in  perfect physiological conditions.
A  sufficient p roo f of th is was th e  feverish tem pera tu re  o f his body on our 
arrival a t th e  h u t an d  on our descen t from th e  B reithorn . I t  m ust be  under-
' A. Mosso, Atti della R. Accademia medica di Torino. 1884.
stood  therefore th a t th e  resu lts given in  th e  following tab le , apply to  an 
ind iv idual no t com pletely  rested.
P la c e s  w h e r e  t h e  
o b s e r v a t io n s  w e r e  m a d e .
A
A v e ra g e  n u m b e r  
o f  i n s p i r a t i o n s  p e r  
m in u te .
B
A m o u n t  o f  l i t r e s  
o f  a i r  b r e a th e d  
in  h a l f  a n  h o u r .
0
L i t r e s  o f  a i r  b r e a t h e d  in  
h a l f  a n  h o u r  r e d u c e d  to  
t h e  p r e s s u r e  o f  1 111.a n d  
t o  t h e  t e m p e r a t u r e  o°.
Turin, August 24th, 1882 I I ' 6 19188 129-48
<1 . 25th 
Chatillon.........................
109 172-26 119-47
115 167-28 11107
Col du Théodule, Septem­
ber 2nd .............. I4-5 19926 98-150
Col du Théodule, Septem-
ber-2nd .............. 1 3 7 18942 93-109
Descent from the Breit-
■ horn ......................... i8’0 23978 i i S - i i o
Col du Théodule, Septem­
ber 3rd......................... I 4 ' 2 19926 98-150
Turin, September 6th ... 1 5 3 134OO 8575
,, ,, 8th ... 11 "2 171-02 119-26
h  h 8th ... 11 "6 169-12 1 : 7 7 8
V II.
“ A t th e  heigh t o f 3,333 m etres a  m uch  sm aller quan tity  o f a ir is b rea thed  
th an  in T u rin  an d  a t C hâtillon . T h is  fact is in teresting , showing, as it does, 
th a t there  is in m an a  resp iration  o f  lu x u ry , '  as I  have te rm ed  it. A t the 
usual pressure of 740 m illim etres, such as prevails in T u rin , an d  still m ore so 
a t th e  sea-level, we b reathe a quan tity  o f a ir w hich surpasses by far th e  needs 
o f ou r body. In  regions above th e  heigh t o f 3,000 m etres, a lthough  the 
w eight o f th e  a ir w hich we b rea th e  is m uch less, the  organism  shows itself 
scarcely susceptib le to  it, p roviding for com pensation  by a  slight increase in 
the  ra te  o f the inspiratory  m ovem ents.”
T h is  was the conclusion w hich I  drew  from  my stud ies a t th e  T h é o d u le  
in  1882.
T h a t a sm aller w eight o f a ir is in troduced  in to  the  lungs a t a  heigh t o f 3,333 
tnetres appears ev ident from  colum n c  o f th e  p reced ing  table, an d  th is  was 
the case in spite o f the  persisten t fatigue an d  the high tem pera tu re  o f th e  body. 
B u t th a t th e  increased respiratory  ra te  was due  to  th e  rarefaction  o f th e  air I  
can  no longer affirm, ho ld ing  it ra th e r to  be an  effect o f fatigue w hich th e  
sub ject had  no t recovered from.
T h e  fact th a t we, in th e  plain, b rea the  in m ore a ir th an  is necessary, I  
have called th e  respiration o f  lu x u r y 2 (respirazione d i lusso). C ertain ly  one 
is re luctan t to  look upon b reath ing  as a luxury, bu t th e  expression recom ­
m ended  itself to  m e as an  appropria te  denom ination  for ou r superfluous 
respiration, by w hich I m ean  th a t th e  num ber an d  am plitude  of the  respiratory  
m ovem ents are  no t in stric t p roportion  to  the chem ical needs o f ou r body.
Loewy,3 in  his recen t w ork on resp iration  an d  circu lation  during  changes 
o f  pressure, and  of the  am oun t o f oxygen in  th e  air, says : “ T h e  lim its o f th e
1 Respirazione d i lusso.
2 A. Mosso, La respiration périodique et la respiration superflue ou de luxe  Archives 
italiennes de Biologie, tome vii. p. 48. A rchir f ü r  Anatomie und Physiologie, 18S6. 
Supplementhand, S. 55.
3 A. Loewy, Untersuchungen über die Respiration und Circulation bei Aenderung des 
Druckes und des Sauerstoff-Gehaltes der Lu ft, Berlin, 1895, s. 57.
rarefaction of the  a ir w ithin w hich we m ay speak o f a  resp iration  o f luxury are  
rep resen ted  by a  p ressure o f ab o u t 300 mm . o f m ercury  (from  760 m m . to  450 
m m .),” w hich corresponds to  a  heigh t o f 4,000 m etres.
N o t only by ascents bu t in  several o ther ways I  have proved th a t th e  
bellows-play of the  lungs, w hich represen ts the m echanical p art o f b reath ing, 
an d  th e  chem ical needs o f the organism  are  in a  certa in  m easure independen t 
o f each o ther. T h is  is necessary, because if m an and  anim als were only to  
inhale the  stric t am oun t o f a ir ind ispensab le  to  them , th e  consequence w ould 
be, th a t every ascen t, even th e  clim bing of a  hill, w ould call for an  increase 
in  e ither th e  num ber or th e  dep th  of the ir respirations.
As every natu ra l phenom enon  incites to  th e  research  o f its cause an d  
its object, we m ay say th a t the  respiration  o f luxury prom otes an  econom y o f 
th e  functions, because it renders th e  regu lating  processes o f ou r organism  less 
com plex. I f  it were otherwise, a t every variation o f th e  barom eter, and  these 
are  often considerable, m en an d  anim als w ould be  obliged to  a lte r a t  once 
th e  rate  an d  dep th  o f the  b reath ing  in  o rder to  com pensate  for th e  change 
in  th e  air.
V I I I .
T yndall relates th a t w hen he  accom plished  his first ascen t o f M on t B lanc, 
he  was so exhausted  th a t w hen he was n ear th e  sum m it he  lay dow n on th e  
snow and  im m ediately  fell asleep. H e  was in com pany o f  Mr. H irs t ; H uxley, 
who was also of th e  party, had  been obliged to  stop  a t th e  G rands M illets. 
M r. H irs t roused th e  sleeper a t once, saying : “  Y ou qu ite  frighten m e, I  have 
listened  for som e m inutes an d  have n o t heard  you b rea the  once .”1
T h is  is the  first h in t w hich I have found in  A lp ine lite ra tu re  o f the 
rem arkable  d im inu tion  o f th e  b rea th ing  w hich I observed on M onte Rosa.
A  fu rther m en tion  I  found  in a w riting of D r. Egli-Sinclair on m ountain- 
sickness. I t  runs as follows : “  O n A ugust 17th, th e  th ird  day, th a t is (in M. 
V allo t’s h u t a t a  heigh t o f 4 ,400 m etres), I still no tice  th e  du ra tion  of the lack 
of appetite  and  the rapidity  o f th e  respiration . C oncern ing  th e  b reath ing, I 
d istinctly  observed  th a t it had  the Stokes character, th a t is, it seem ed regular 
du ring  a  certa in  tim e, after w hich a  few rap id  an d  p rofound  breaths were 
draw n, a  to ta l suspension of a  few seconds then  following.”
T h e  R iffelberg H o te l (alt., 2,560 m etres) is th e  low est station  a t w hich I 
no ticed  a change in my breath ing .
I  had  travelled  by rail from th e  L ake of G eneva to  Z erm att, an d  ascended  
th e  R iffelalp on foot. I  d id  no t sleep as well a t n igh t as I usually  do. E arly  
in  th e  m orning I  m ade an  excursion to  the H u t B étem ps, crossing th e  C o rn e r 
glacier. H av ing  re tu rn ed  to  the inn  I lay dow n tow ards 2.30 p.m . to  rest. 
I  could  no t fall asleep a t once, a n d  several tim es I  noticed , on rousing myself, 
th a t my b reath ing  was m ore forcible than  usual, a n d  th a t periods then  followed 
during  w hich it becam e so superficial th a t it seem ed a lm ost to  have stopped  
altogether.
D uring  repeated  sojourns a t the  O len In n  (alt., 2,865 m etres), I  no ticed  
th a t the  b rea th ing  becam e less regular an d  uniform . I  need  n o t h ere  
enum erate  th e  persons in  w hom  I observed th is phenom enon o f com m on 
enough occurrence a t a  he igh t o f from 2,500 to  3,000 m etres.
A t th e  beg inn ing  o f A ugust, while we were a t G nifetti H u t (alt., 3 ,620 
m etres), m y b ro th e r an d  I no ticed  th a t our b reath ing  had  becom e periodic, no t 
only during  sleep b u t also w hen we were awake.
1 T yndall, The Glaciers o f the Alps, i860, p. 80.
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I  com m unicate  one o f these  observations (Fig. 17) m ade on myself. O n 
A ugust 8 th  we w ere alone  in  th e  little  h u t w hich served us as laboratory. I 
was sitting  on a  chair an d  leaning w ith my back  against th e  closed door, 
w hile m y b ro ther registered my b reath ing  on th e  cylinder, w hich was kep t in 
con tinuous ro tation . T h is  was necessary in  o rder th a t I  m ight no t know  
w hen th e  curve was being traced. F o r th e  sake o f brevity  I  do  no t here 
in troduce  any o f m y respiratory curves taken  in  th e  plain, w hich are  in 
general so regular th a t th e  bases o f the  respiratory  m ovem ents form a 
horizontal line. H ere, on th e  contrary, it is a t once ap p aren t th a t the thorax 
does no t always re tu rn  to  th e  sam e position  of equilib rium  a t th e  en d  o f the 
exp ira tion .1 A  species o f waves are  form ed, an  ind ica tion  o f th e  periods 
w hich  we shall see very m arkedly  in  o th er persons.
O n th e  day following I  repeated  th is observation . F o r four days I  had  
n o t m oved from G nifetti H u t, an d  was therefore  in a  sta te  o f com plete  repose. 
F ig. 18 shows a t a  still m ore ev ident periods, du ring  w hich the respiratory 
activ ity  is below the norm al. I f  we look a t the  beg inn ing  o f th e  curve, a t the 
left hand , we see th a t th e  th ird  resp iration  is a  little  less p rofound  th an  the 
o n e  preceding, while th e  fourth an d  fifth are  still m ore superficial. A t a 
th e  tho rax  tends to  becom e m otionless. T h ere  is a  little  pause as though 
b rea th  w ere lacking ; then  com es a  w eak insp iration  followed by ano ther 
stronger one. In  the u pper p art o f th e  curve we can  trace th e  rise o f th e  
n ex t pause. A t e  there  is a slight a rrest a t th e  en d  o f th e  expiration  w hich 
is repeated  in th e  expirations following, un til in  F a  b rie f in terval appears. 
T h e n  there  is an o th e r period o f greater respiratory  activity. T h e re  is, th ere­
fore, in  m yself also, as in th e  soldiers S arteu r an d  Solferino, a tendency  to  
respiratory  pauses w hich was never observed  in  the  plain.
D uring  the  sojourn a t G nifetti H u t  I  found  in  two o ther persons very 
ev iden t respiratory periods. O ne of these was m y b ro ther. In  Fig. 19 I  give 
one  o f th e  curves taken  on him  during  sleep. So th a t th e  noise o f th e  clock­
w ork w hich pu ts th e  cylinder in  ro tation  m ight n o t d is tu rb  him , I had  m ade, 
as already  m entioned , a  hole in  th e  partition  o f w ood w hich separates the 
k itchen  from  the o th er room . I  was in the form er room  while my b ro ther 
slep t in the latter.
T h e  respiratory  m ovem ents are  less am ple th an  m ine, as my b ro ther had  
been  sleeping for m ore th an  an  hou r w hen I took  th e  tracing  ; he  has, m ore­
over, always a  m ore superficial respiration . In  th e  upper line one notices 
th e  tendency  o f the  b rea th ing  to  stop. T h rice  in  succession a t  th e  poin ts 
m arked  a  we see an abortive inspiratory  m ovem ent. In  the  lower line, 
w ritten  im m ediately  afterw ards, a  period  m arked  b appears, in  w hich five 
b rea th s are  draw n w hich are  m ore superficial th an  th e  others.
F o u r m ethods w ere open to n a tu re  by w hich to d im in ish  th e  in tensity  of 
th e  respiratory m ovem ents. 1. T o  lessen the  ra te  o f th e  respirations. 2. 
T o  dim inish  the ir dep th . 3. T o  de tach  one resp iration  from  th e  o th er by a 
pause. 4. M erely to  w eaken a  series o f resp irations by  periods of m inor 
activity. A ll four m ethods we have seen exem plified in  th e  curves here 
in troduced . Som etim es they  all appear in  th e  sam e person. W e may 
therefore  affirm th a t th e  resp iration  tends to  d im in ish  on  th e  A lps and  no t to  
increase as has h itherto  been thought.
1 T he line descends during the inspiration and ascends during the expiration following.
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IX .
A t th e  R egina M argherita  H u t th e  periods o f respiratory  arrest assum ed 
a n  unexpected  a n d  alm ost m orb id  in tensity .
F ig . 20 1 show s th e  periodic respiration  o f m y b ro th e r a t the R egina 
M argherita  H u t. T h e  b rea th ing  som etim es con tinued  for hours w ith this 
rhy thm , th ree  descending  m ovem ents, o f w hich th e  first is forcible an d  th e  
o th e r two o r th ree weak, being followed by a  pause w hich lasted  regularly 
tw elve seconds before th e  re tu rn  o f an o th e r series o f th ree  descending  
resp irations. W hen th e  thorax  is still an d  th e  line becom es horizontal, the  
pu lsa tions o f th e  heart, fourteen or sixteen in num ber, are  clearly noticeable 
in  th e  la tter.
A  physician w ould say, on  seeing these tracings, th a t they  were o f a  
dy ing  person . T h is  in te rru p ted  respiration  is, indeed, often  observed shortly  
before d ea th . T w o E nglish  physicians, C heyne an d  Stokes, first described  this 
in te rm itten t respiration , as a  characteristic  sign of several m aladies. T h is 
form  o f b rea th ing  bears, therefore, th e  nam e o f C heyne-Stokes.
R esp ira tion  in te rru p ted  by long pauses is n o t a  new  form  o f  b reath ing, 
b u t th e  exaggeration of a  physiological phenom enon , for in every one the 
b rea th ing  tends to  assum e a  periodic form  w hen th e  excitability  o f th e  nerve- 
cen tres d im inishes. W e need  only adm in ister a  dose o f chloral or m orphia 
to  a  person pred isposed  to  period ic  respiration , an d  th is in te rm itten t form 
im m ediately  appears.
A nd  yet we canno t say th a t sleep is m ore pro found  on M onte R osa than  
in  th e  p lain  ; it seem ed to  me, indeed, lighter.
I t  is a  p roo f o f the incip ien t paralysis o f th e  nerve-centres th a t du ring  the 
respirato ry  pause th e  hea rt becom es insensib le to  th e  action  o f carbonic  acid. 
I f  we observe the  cardiac pulsations du ring  th e  periods o f repose of the 
tho rax  we see th a t th e  pu lsations are  a ll equal, w hereas so long an  arrest o f 
th e  b rea th ing  ough t som ew hat to  slacken th e  last beats.
T h e  presence o f  a paralysis o f th e  nerves o f the  heart will be shown m ore 
clearly  in  th e  sequel. As m ountain-sickness is due  in great p art to  w eakness 
o f  th e  heart, I  w ished to  show th e  reader w hither these  studies lead  us.
A  question  m uch  d eba ted  an d  no t yet resolved is, w hether th e  respiratory 
m ovem ents are  p roduced  by th e  accum ulation  o f carbonic  acid  in th e  blood 
o r by th e  d im inu tion  o f oxygen. R osen tha l is th e  m ost strenuous upho lder 
o f th is last hypothesis accord ing  to  -which th e  respirato ry  cen tre  is au tom ati­
cally excited by th e  d im inution  o f oxygen in  th e  b lood . In  C hap ter X X II . 
I  shall show th a t the slackening of th e  b rea th ing  on the  A lps is caused by 
th e  d im inu tion  o f carbonic  acid  in  th e  blood.
T h e  observations m ade in  th e  R eg ina  M argherita  H u t  show ed th a t the 
phenom ena  of respiration  are  very com plex an d  tha t, to  explain th e  unexpected  
fact th a t the respiratory  m ovem ents are  less rap id  an d  less p rofound  in  rarefied 
air, a t a  heigh t o f 4 ,560 m etres w here there  is a  sm aller ra tion  of oxygen, we 
m ust adm it a  d im inu tion  in  th e  excitability  o f the  nerve-centres.
W e have here  to  do  w ith a  very ev iden t phenom enon  w hich I  observed 
in a lm ost all, even in  th e  m ost robust o f those w ho were w ith m e on M onte 
R osa. D r. G urgo, w hom  I  asked  to  m ake observations w hen he  was accom ­
panying  a  large party  o f studen ts to  the R egina M argherita  H u t, to ld  m e th a t 
in  th e  night, in  nearly all, th e  respiration  was periodic.
1 All the curves in this chapter are reduced from tw enty-eight to eighteen centimetres.
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T h e  nerve-cen tre  w hich regulates th e  b rea th ing  does n o t apparen tly  
accustom  itself easily to  rarefied air. A fter tw enty days spen t on th e  slopes 
o f M onte  R osa, a t  heights above 3,000 m etres, th e  periodic respiration  h ad  
n o t in th e  least decreased  in  any o f  us, con tinu ing  to  be as p ronounced  as on 
our arrival.
I n  o rder to  show th a t th is phenom enon  stands in no  relation  to  m ountain- 
sickness, I  in tro d u ce  a  curve (Fig. 21) taken  on  th e  keeper o f th e  hu t, 
F rancioli, a  very robust m an  who had  spen t two or th ree  m on ths in  sum m er, 
two years in  succession, in  th e  R egina M argherita  H u t.
T h a t these periods, now estab lished  as a phenom enon  characteristic  o f the  
b rea th ing  on th e  A lps, shou ld  be  due  to  deficient energy o f th e  respiratory  
m uscles, is o u t o f th e  question . M any o f us w ho had  th is period ic  respiration 
were well in  health  an d  qu ite  rested  ; th e  force of th e  inspirato ry  m uscles \yas 
likewise norm al as we shall see from  the researches executed  w ith th e  
spirom eter.
X .
T h e  m ost im portan t result o f these observations is th a t in  healthy  m en 
a t a  he igh t o f 4 ,560 m etres there are  generally pauses in  th e  respiration . 
T h a t th e  b reath ing  should  becom e periodic du ring  sleep w ould n o t have 
surprised  m e, for I  had  show n as far back  as 1884 th a t th e  fundam enta l 
type o f ou r resp iration  consists o f periods of g rea ter a n d  o thers o f lesser 
activity. B ut I  should  never have supposed  th a t th e  pauses w ould becom e 
m ore m arked  as th e  a ltitude  was increased, an d  in  p roportion  as th e  am oun t 
o f oxygen in  th e  a tm osphere decreased.
T h e  observation  th a t a t great heights th e  respirato ry  cen tre  does no t ac t 
so well, a n d  th a t th e  nerves regulating  th e  m ovem ents o f th e  heart a re  less 
active enables us to  recognise th e  na tu re  o f m o un ta in rsickness. I  th ink  it 
well, therefore, to  com m unicate  o th er observations, w hich show  th a t on 
M onte  R o sa  there  is really a  depression in  th e  activ ity  o f th a t p art o f th e  
nervous system  w hich is o f th e  m ost fundam enta l im portance  to  life.
Fig. 22 shows a  curve traced  w ith M arey’s pneum ograph  app lied  to  the  
tho rax  o f th e  sold ier Cham ois.
T h e  upper curve a  was w ritten  in  T u rin  on Ju ly  10th. T h e  m iddle 
to o th ed  line m arks th e  tim e in seconds. T h e  line show ing th e  periodic 
resp iration  was w ritten  a t a  he igh t o f 4 ,560 m etres, th e  day after th e  sub jec t’s 
arrival from Ivrea, w hence he  had  proceeded  directly  to  th e  R eg ina  M argherita 
H u t  w ithout stopping  a t the  in term ed ia te  stations to  acclim atise himself.
W hile th e  last curve c was being traced, C ham ois half-closed his eyes 
from  tim e to tim e, w ithout, however, qu ite  falling asleep.
W e see here  how greatly  th e  in tensity  o f ou r b rea th ing  m ay dim inish  on 
M onte  R osa. W e m ust rem em ber, how ever, in  o rder to  have a  correct idea 
o f ou r cond ition  a t th a t height, th a t there  was a  sim ilar depression  in  th e  
activity o f th e  heart, for the pulse was w eak an d  filiform. T h e  card iac cen tre  
an d  th a t w hich enervates th e  blood-vessels, being nearest to  th e  respiratory  
cen tre , had  likewise becom e less excitable.
I
X I.
D ogs suffer from  m ountain-sickness an d  exhib it the  sam e sym ptom s as 
m an. T hey  are  troub led  w ith nausea, som nolence, vom iting, laboured 
breath ing, m uscular weakness, an d  inability  to  stand  on th e ir legs. F o r
th e  sake of observation  I  took, therefore, a  dog  w ith m e up  M onte  R osa.
I  had a t first had  two w ith me, b u t th e  annoyance  they  caused  us in  our 
encam pm ents an d  in  the  laboratory  ten t decided  m e to  send  one  back to 
Gressoney.
T hese  dogs were o f the sam e litte r an d  resem bled  each o th er perfectly  in 
appearance, b u t they  p resen ted  a  m arked  difference in  the ir resistance to  the 
action of rarefied air.
I  had  often p laced  them  together u n d er a  pneum atic  bell, w hen one of 
them  w ould sleep an d  show sym ptom s o f m ountain-sickness a t a  p ressure 
m uch less d im in ished  than  th a t w hich affected the o ther. O f course, I  took 
the m ost sensitive w ith me. N erino , as he  was called, was o f the  com m on 
foxhound kind, and  though  he  had  certain ly  never seen th e  m ountains, 
having always lived in  the laboratory  w here he  was born, he  show ed, never­
theless, such adap tab ility  to  m oun tain  life, th a t a fter m y re tu rn  I left h im  w ith 
an acquain tance in the  valley o f G ressoney.
As I m eant him  to go w ith m e over the  glaciers, I  tried  first, an d  w ith 
success, to  gain h is affection. A t th e  first encam pm en t a t A lpe In d ra  (alt., 
2,515 m etres), how ever, he ab an d o n ed  m e on m aking th e  acquain tance  of 
the soldier M arta, w ho was th e  cook of th e  party . W hile we were a t 
G nifetti H u t (alt., 3,620 m etres), it h appened  th a t our cook h ad  to  go to  the 
L inty H u t encam pm ent for provisions. Foreseeing  th a t the  dog w ould w ant 
to follow M arta, we shu t him  in to  th e  little  h u t w hich served as a  laboratory.
Tw o hours la te r we le t him  out. H e  sought all around , snuffed every­
where, began to  whine, an d  then  set off like an  arrow. H e  ru shed  dow n the 
glacier, ran ab o u t h ither an d  th ith e r for a tim e, an d  then  d isappeared. T h ree  
hours afterw ards he had  rejo ined  M arta. L a te r we found  his traces in  the 
snow, an d  no ticed  th a t he  had  taken  a different p a th  to  the  usual one, had  
leapt over glacier-brooks an d  go t safely over th e  m ost difficult parts. T h e  
next day he  re tu rned  w ith M arla, happy an d  lively in  spite o f a  few slight 
w ounds on th e  legs.
In  N erino, too, the b rea th ing  was period ic  in  the  R egina M argherita  H u t, 
as may be seen in Fig. 23, th is curve being  taken  on A ugust 17 th  a t 8.30 a.m . 
T he  dog breathed  from 26 to  28 tim es per m inute, the  heart-beats num bering  
from 120 to  126 while he dozed.
T h is  was th e  first tim e th a t I had  observed period ic  resp iration  in  a dog 
during light slum ber ; du ring  th e  deep  sleep caused  by narcotics it is often 
noticeable.
T h e  dog, as we see a t a  an d  b  in  th e  figure, drew  a  very deep  b rea th  
from tim e to  tim e. T h is  often occurs in  anim als an d  in  m an w hen the 
respiration becom es inadequate . T h ese  deep  breaths, the  period ic  respiration, 
and a  slight d im inution  o f cheerfulness are  the  only phenom ena  by w hich we 
are m ade aw are th a t dogs also are  affected by th e  rarefied a ir a t a  heigh t o f
4,560 metres.
W e canno t say, how ever, th a t these deep  b rea th s were caused  by lack  of 
oxygen. W hen, in  consequence  o f bad  w eather, we could  n o t open the 
windows, the therm om eter, in  th e  room  w hich served as k itchen , rose to 250 
and  even 27° I then  no ticed  th a t the  dog  lay curled  up  n ear th e  stove, his 
breathing accelerated, as is characteristic  in  dogs suffering from  heat, the  
respiration in these being som etim es even ten  tim es qu icker than  usual.
R ic h e t1 show ed the  p rofound  difference betw een th is form  o f breath ing,
1 Ch. R ichet, Une nouvelle fonction du bulbe rachidien. Régidation de la température par  
la respiration. T ravaux du Laboratoire, tome i. p. 430.
w hich he  called polypncea, an d  asphyxia. A n an im al cools th rough  rapid  
breath ing , b u t in o rder th a t this au tom atic  process o f the organism , w hich 
affects a  m ore ab u n d an t evaporation  of w ater in th e  lungs, m ay be  established, 
th e  b lood  m ust, firstly, no t con ta in  an excess o f carbonic acid  ; secondly, the 
am o u n t o f oxygen in th e  b lood  m ust be  sufficient to  obviate the  necessity  o f 
th e  dog’s b rea th ing  in  o rder to  renew  th e  supply. W ithou t these  two condi­
tions th a t accelerated  respiratory  rhythm , w hich all have no ticed  in  dogs in  
sum m er w hen they a re  hot, can n o t be  originated. T h e  observation  of 
polypncea in our dog in  rarefied a ir a t a  he igh t o f 4 ,560 m etres is a  proof 
th a t there  is a t th a t heigh t really no lack  of oxygen.
A nim als an d  m an resist th e  action  of rarefied a ir m uch m ore than  is 
though t. I t  is well to  convince ourselves th a t ou r no tions as to  th e  lack  of 
oxygen are  exaggerated, for then  we shall m ore easily un d ers tan d  th a t there 
a re  o th er an d  no less im p o rtan t factors w hich give rise to  m ountain-sickness. 
F o r these experim ents it is necessary th a t the  anim als, w hen p laced u n d er the 
pneum atic  bell, should  be neither excited nor frightened.
T h e  greater th e  com posure o f  th e  nervous system , th e  g rea ter is th e  
resistance to  th e  action  o f rarefied a ir ; th e  greater the  agitation , the  w eaker 
th e  resistance. T h is  is a  law which, as we shall see, is o f constan t app lication  
in  th e  physiology o f m an on th e  Alps.
A  very qu ie t an d  sleepy dog can rem ain  for fifteen an d  even th irty  m inutes 
in  an  atm osphere  reduced  to  one-th ird  w ithout any a ltera tion  in  th e  ra te  and  
d ep th  o f its breath ing. A  g reater rarefaction  o f the air, as w hen th e  barom etric  
he igh t is only 220 m illim etres, causes an augm enta tion  o f th e  respiratory 
activity  also in a qu ie t dog, b u t n o t im m ediately. T h is  delay renders 
p robab le  th e  supposition  th a t th ere  is in the organism  a store o f oxygen 
w hich is consum ed  little  by little . M y investigations on th is sub jec t are 
incom plete, b u t I  am  a lm ost convinced  th a t th ere  are  substances in the 
organism  besides th e  haemoglobin o f th e  b lood  from  w hich a  supply of 
oxygen m ay be  ob tained . T h is  is a t any ra te  the  sim plest hypothesis for the 
exp lanation  o f th e  resistance o f dogs an d  m en to  g reat depressions ; namely, 
th a t oxygen is draw n from  th e  tissues w hen th e  am o u n t con ta ined  in  the 
a tm osphere an d  in  th e  b lood  is no  longer sufficient. T h is  period  of resistance 
lasts from  ab o u t six to  eight m inu tes w hen th e  barom eter ind icates less than  
one-th ird  of an  atm osphere, th a t is, 220 m illim etres ; w hen th e  reserve-stores 
are  consum ed there  is an  augm enta tion  in  th e  ra te  o f b reath ing  which, a fter a  
longer o r shorter lapse o f  tim e, is followed by an  ab a tem en t due  to  the 
depression of the  nerve-centres.
T h e  great resistance o f dogs to  lack  o f oxygen was show n by Urs. D addi 
an d  T re v e s 1 by a  series o f experim ents, co n duc ted  in  m y institu te, in w hich 
th e  an im als them selves were m ade to  deprive the atm osphere  little  by little  o f 
oxygen.
I f  th e  carbonic  acid  is no t w ithdraw n, the  ra te  o f b rea th ing  increases 
rapidly  ; bu t if, while th e  an im al is consum ing  th e  oxygen, the  carbonic acid  
is draw n off, we notice th a t th e  respiration  does n o t change, even though  the 
an im al is b rea th ing  an  a ir w hich only con ta ins one-th ird  o f oxygen. H ere, 
then , we have one difference betw een slow asphyxia from  carbonic  acid  and  
w ithout carbonic  acid. M ountain-sickness is an  asphyxia w ithout carbonic  
acid, as shall be  m ore d istinctly  show n in subsequen t chapters.
1 L. D addi e Z. Treves, Osservazioni sitila asfissia lenta. Memorie Accademia delle 
Scienze di T orino, 1897.
Valley of Alagna. V. Sella.
C H A P T E R  IV
T H E  C IR C U L A T IO N  O F  T H E  B LO O D  IN  R A R E F IE D  A IR
I.
AT  th e  beg inn ing  o f th e  last cen tury  a youth , th e  ce leb ra ted  H a lle r  o f later days, re tu rn ed  to  his native place, B erne, a fter com pleting  his m edical stud ies in  G erm any, a n d  solic ited  a  position  as physician  a t 
the hospital. I t  was refused him , because he was too  erud ite , he  was told. 
H e  then  tried  for a  position  as professor o f h isto ry  in  th e  gym nasium  o f 
Berne. T h is was refused h im  because he  was a  physician. In  despair he  
began to  write poetry, pub lish ing  in  1729 a  sho rt poem  on th e  A lps. T h ese  
verses, w hich now seem  ra th e r A rcadian  to  us, m et th en  w ith general adm ira­
tion, and  exercised a  d ec ided  influence on  G erm an literatu re .
In  his great treatise  on  physiology,1 w hich em braces all th a t was know n o f 
this science up  till th e  m iddle  o f last century, H a lle r  repeated ly  speaks of th e  
influence of rarefied air, an d  says : “  E ven  th ough  the  a ir be  reduced  to  h a lf  
its weight, it m ay still b e  b rea th ed  w ithout difficulty, as I  experienced  on th e  
m ountain  J ttg o  cl F urca, and  as o thers have experienced  in  th e  C aucasus.” 
T h e  exact a ltitude  reached  by H a lle r is unknow n to  m e, b u t it certa in ly
■ Alb. H aller, Elementa physiologic, tom e ill. p. 139.
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can n o t have am oun ted  to  5,520 m etres, w hich corresponds to  h a lf  an 
atm osphere .
In  an o th e r volum e of his w ork ,1 in  speaking o f th e  pressure w hich the  air 
exercises on our body, he says th a t it is equal to  th a t pressure w hich we 
sh o u ld  feel, w ere we a t a  dep th  o f ten  m etres u n d er water. W hen th e  pressure 
d im in ishes in any  p art o f th e  body, there  is im m ediately  a  m ore copious flow 
o f  b lood  to  th a t p art w hich m akes it swell and  redden.
“ R arefied  air does no t d ila te  th e  lung equally ,” says H aller. “  W hen the 
p ressu re  is d im in ished  on  all the  vessels o f th e  body, these  p resen t less 
resistance to  th e  hea rt and  easily bu rst.” 2
T h ese  two notions th a t rarefied air does n o t sufficiently d ila te  th e  lungs 
a n d  th a t th e  hem orrhage observed during  m oun ta in  or balloon  ascen ts is due 
to  the  d im in ished  pressure a t the surface of th e  body, held  th e ir g round  till 
th e  p resen t day.
T h e  o lder scientists im agined th e  effects o f d im in ished  pressure to  be 
sim ilar to those m anifested  in  th e  redness o f any portion  o f th e  body w hich 
has been  sucked  w ith th e  lips. T h e  cond itions are, however, very d ifferent on 
th e  m ountains, w here th e  depression envelopes th e  w hole body an d  penetra tes 
to  th e  in terio r th rough  the lungs. I n  th is case all the  parts  are  equ ilib rated  
a n d  th ere  is a  com pensation  of depression. W hen  the barom etric  depression  
o n  one  p art o f th e  body is n o t coun terbalanced , a  serious d ila ta tion  of the 
blood-vessels is im m ediately  p roduced . W e see th is w hen the cupping-glass 
is m ade  use of. A lthough  th e  negative pressure w hich it exercises differs 
little  from  th e  d im in ished  barom etric  pressure on th e  A lps, it yet causes a  far- 
reach ing  d is tu rbance  in  th e  circu lation  o f the  b lood a n d  lym ph.
I f  m ountain-clim bers observe the colour o f th e ir skin during  ascents they 
will, as a  rule, no tice  th a t th e  blood-vessels on th e  m oun ta ins are  paler th an  
in  th e  plain. T h is  is a  sufficient p roof th a t th e  above theory  is unreliable.
I I .
C hauveau, in  1866, an d  L ortet, in  1869, took the  first pulse-curves w ith 
th e  sphygm ograph on the  sum m it o f M ont B lanc. L o rte t says th a t these 
tracings resem ble th a t o f th e  pulse in typhus an d  o ther persisten t fevers.
F ig . 24.— A. Mosso. Pulse-curve taken a t Alagna.
L e t u s  first consider th e  phenom enon  an d  then  seek th e  cause of this 
m odification  o f the  pulse. In  th e  w in ter ascen t o f M onte R o sa  in 1885 I 
h a d  taken  w ith m e a M arey sphygm ograph. As th is in strum en t, o f frequent 
use in  m edicine, is well-known, I  shall n o t troub le  th e  reader w ith a 
descrip tion  o f it. I t  is app lied  to  th e  w rist w here th e  pulse beats, every 
d ila ta tion  of th e  artery  raising  a  very delicate lever w hich effects th e  tracing. 
A  strip  o f paper w hich glides u nder the stylet receives th e  registration  o f the 
curve.
Fig. 24 shows th e  w riter’s pulse-curve a t A lagna. A t every bea t o f the 
h e a rt th e  artery  d ilates and  th e  stylet is raised. A  wave of b lood  rolls into 
the  arteria l ram ifications o f th e  hand  and  fingers and  th e  radial artery  shows
1 Op. Cit., tom e ii. p. 159« 2 Idem , tom e iii. p. 196.
oscillations due  to  its elasticity. O n th e  sum m it o f th e  V incen t P yram id  th e  
w riter’s pulse-curve was again taken . (See Fig. 25.)
W e see a t once th a t th e  pulsations a re  closer together. A t A lagna the  
pulse only beat sixty-two tim es in th e  m inute, on th e  V incen t P yram id  it bea t 
one h u n d red  an d  fifteen tim es. T h e  con trac tion  of th e  h ea rt was m ore 
forcible an d  th e  fatigue o f th e  ascen t had  caused  a  slight palp ita tion .
T h e  tem pera tu re  of th e  a ir was — io°, b u t th e  blood-vessels w ere neverthe-
F ig . 25.— A. Mosso. Pulse.-curve taken during  the w inter ascent o f the V incent Pyram id
(alt., 4,215 metres).
less dilated, th e ir con trac tib ility  be ing  d im in ished  by fatigue. T h is  pu lse  form 
is sim ilar to  th a t w hich m ay be  artificially p roduced  by w arm ing th e  arm . 
W hen th e  arteries becom e m ore yielding th e  pu lse assum es th is form  
characteristic o f fever. T h e  artery  d ilates an d  em pties itself m ore rapidly . 
These changes a re  caused  by th e  fatigue o f th e  hea rt an d  th e  g rea ter p liab ility  
of the arteria l walls.
F ig . 26.— Hydro-sphyginograph.
I I I .
T h e  observations m ade w ith the  M arey sphygm ograph d id  no t give me 
com plete  satisfaction. In  o rder to  follow th e  circulatory  changes for a  greater
leng th  of tim e, I  took w ith m e two 
o th e r in strum en ts . In  Fig. 25, 
w hich shows my own pulse-curve, 
we see th a t th e  pulsations rise 
gradually  tow ards the  end. T h is  
is a  phenom enon  o f frequen t occur­
rence  in th e  tracings taken a t great 
heights. I  ob ta ined  a m ore com ­
ple te  p ic tu re  o f th e  m ovem ents 
tak ing  p lace in  th e  blood-vessels by 
m aking use o f the hydro-sphygm o- 
g raph  by m eans o f w hich th e  pulse, 
n o t m erely o f the  artery  b u t o f the 
w hole forearm  is taken . T h e  fore­
arm  o f th e  sub ject is in troduced  
in to  a  glass cylinder, as is show n in 
Fig. 26, and  closed in by m eans of 
an ind ia-rubber cu ff .1 T h e  appa­
ratus is then  suspended  to the 
ceiling o f th e  room , in  o rder to 
secure freedom  of m ovem ent, and  
th e  cy linder filled w ith tep id  w ater 
as h igh as th e  basis o f its an terio r 
opening. A t every con trac tion  of 
th e  hea rt a  wave o f b lood pene­
tra tes th e  forearm , p roducing  an 
augm enta tion  o f volum e w hich 
raises the level o f th e  w ater a t the 
basis o f th e  opening. T h e  air 
there in  con ta ined  is lightly com ­
pressed  an d  escapes by th e  caou t­
chouc tube, transm itting  thus the 
m ovem ent to  a lever w hich traces 
the  pulsations.
B esides th e  pulse-beats, there  
are registered  in  Fig. 27 the m ove­
m ents o f contrac tion  and  relaxation 
of the blood-vessels. W hen  the 
arm  loses colour owing to  th e  con ­
traction  of the  little  arteries, the 
forearm  decreases in  volum e and  
the pen  m oves dow nw ards while 
still describ ing th e  pulsations. 
W hen there  is a  d ilatation  of the 
vessels th e  pen  in  m ounting  m arks
1 A. Mosso, Sulle variazioni locali del 
polso. R. Accademia delle Scienze di 
Torino, xiii. 1877. Die Diagnostik des 
Pulses, Leipzig, 1S79.
exactly the  augm entation  o f volum e in  the forearm . T h e  undu la tions of th e  
curve in Fig. 27 are  therefore th e  faithful im age o f th e  m ovem ents tak ing  place 
in the blood-vessels. L e t us now see u n d er w hat cond itions th is d iagram  of 
the pulse was w ritten.
T h e  soldier O berhoffer was a robust young m an  w hose cond ition  during  
fatigue and  in repose was well know n to me, as, du ring  th e  prelim inary  stud ies 
perform ed in Ju ly  in T u rin , I  had  had  h im  m arch  w ith arm s an d  baggage 
from Iv rea  to  T u rin , a  d is tance  of sixty kilom etres.
On A ugust 10th he  left Ivrea, an d  arrived a t  G ressoney St. Je an  in th e  
evening. T h e  day afterw ards he  reached  G nifetti H u t, an d  on A ugust 12th 
he arrived a t  th e  R eg ina  M argherita  H u t carry ing  baggage of th e  w eight of 
twelve kilogram s on his shoulders. H e  felt well du ring  th e  m arch  on  the 
glaciers, and  even his b rea th ing  was easy. W e w ent to m eet h im  a t th e  base 
of G nifetti Peak, and  relieved him o f h is knapsack  during  the last p art o f the 
ascent, w hich is laborious. A t 9.15 a.m . he reached  th e  hu t, th e  skin o f his 
hands, cheeks an d  lips be ing  livid. Pulse, 112. B reath ing, 32. R ecta l 
tem perature, 38°.
A fter fifteen m inu tes’ rest he becam e pale. F earing  he  was ab o u t to faint 
I asked him  how he was, to  w hich h e  rep lied  th a t he  d id  n o t feel qu ite  so 
well as before, th a t his streng th  was exhausted  an d  his h ead  ach ing  violently. 
T he  radial pulse had  becom e im percep tib le . T h e  pulse a t th e  neck  bea t 
108 tim es per m inute. B reathing, 32. T em peratu re , 3 7 7 0.
T h is indisposition  lasted  m ore than  an hour, du ring  w hich tim e he 
rem ained lying down, well covered. A t 9.45 th e  pulse-rate was 100. 
Breathing, 29. T em peratu re , 3 7 ’6°. H e  said th a t he  d id  no t feel a t all well. 
T hen he fell asleep. W hen he  aw oke two hours later, th e  cyanosis (livid 
colour) had d isappeared , b u t he  had  rings a round  the eyes, a  sign tha t 
the circulation in th e  veins was still defective, an d  he  h ad  no ap ­
petite. E ven in th e  evening, a t 5.45, th e  pulse was still so weak th a t it 
could only be coun ted  by p lacing th e  h an d  on th e  neck  or on th e  heart. 
Pulse, 100. B reathing, 24. H e  was still troub led  w ith headache, sat down 
to table, however, an d  a te  w ith fair appetite .
In  O berhoffer (as has been  already  observed in o ther persons) the bodily  
conditions becam e worse on th e  cessation of g rea t exertion. T h e  o ther th ree 
soldiers who cam e up  w ith h im  from Iv rea  to  th e  R egina M argherita  H u t 
presented the sam e phenom ena.
D uring the following day th e  livid, purp lish  co lour o f the skin persisted  in 
all these soldiers who had  corne together from  Ivrea. O berhoffer’s pu lse  was 
filiform. T h e  respiration  was rapid, th e  m ovem ents num bering  from 26 to  
28 in the m inute. T h e  tem pera tu re  was slightly above th e  norm al, 37'8°. 
We auscultated  the heart an d  found its tones regular.
On A ugust 13th, tw enty-four hours after O berhoffer’s arrival a t the 
Regina M argherita  H u t, I  registered  his pulse w ith th e  hydro-sphygm o- 
' graph ; with the M arey sphygm ograph it was im possib le to  ob tain  a  tracing, 
the pulse being too weak an d  filiform. W ith  the  hydro-sphygm ograph the 
curves were taken  w hich are  show n in Fig. 27. T h e  cyanosis o f face and  
hands showed th a t th e  circulation  was weak and  languid, th e  blood-vessels 
were, however, m ore unstab le  th an  I had  ever observed  in  T u rin . T h e  
vaso-motor cen tre  m anifested  p rofound  a ltera tions sim iliar to  those of the 
respiratory centre, for th e  respiratory  m ovem ents w ere likewise irregular. 
T he  periods of greater and  lesser activity  of th e  b reath ing  do  no t exactly corre­
spond to the d ilatation  and  contrac tion  of th e  blood-vessels o f th e  forearm.
T h e  curve in  Fig. 28 was taken  in th e  R egina M argherita  H u t. F rom  it 
we see th a t a t every respiratory  m ovem ent th e  volum e o f th e  forearm  alters. 
A t th e  first insp iration  (to  th e  left o f th e  figure) th e  pen  sinks, w hereas in th e  
line below, w hich m arks the volum e an d  th e  pu lse  o f th e  forearm , there  is an 
augm entation .
T h e  low er festooned line w hich m arks th e  pu lse  o f th e  forearm  w ith the 
respiratory  oscillations, form s an  u n d u la tion  w hich sinks in  a m anner sim ilar 
to  th a t o f th e  curve in  Fig. 27. T h e re  was, however, no  corresponding  
change in  th e  respiratory  m ovem ents. T h e  d u ra tion  o f th e  in sp iration  is 
som ew hat shorter th an  of the  expiration, b u t th is re la tion  betw een th e  two is 
th e  sam e as in th e  plain.
F rom  these an d  num erous sim ilar observations m ade on M onte  R osa I 
conclude  w ith certain ty  th a t th e  d im in ished  barom etric  p ressure a t a  height
F ig . 28.— A. Mosso. Pulse-curve o f forearm registered a t the same time as the respiratory 
curve (Regina M argherita-H u t, a lt., 4,560 metres).
o f 4 ,560 m etres d id  n o t m odify th e  physiological cond itions o f th e  b lood ­
vessels e ither in  my com panions o r in  myself.
T h o se  physiologists who m ain ta ined  th a t th e  s ta te  o f th e  blood-vessels is 
m odified in rarefied air because  th e  pressure o f th e  atm osphere  on  th e  skin 
is d im in ished  h ad  a ttr ib u ted  g reat im portance  to  th e  m ore p ronounced  
dicrotism  of th e  pulse, to  th e  undulation , th a t is, w hich appears in  th e  
curve o f every pu lsa tion  and  w hich is visible in  a  very m arked  form  in th e  
curves o f Figs. 24 an d  25 w ritten w ith th e  M arey sphygm ograph. In  
O berhofier’s pulse-curve (Fig. 27) d icrotism  is visible alm ost in every pu lsa­
tion, b u t in  o th er persons, Jach in i, M arta, Sarteur, for instance, th e  pulse- 
curve was qu ite  norm al, in  no  way differing from  th a t registered  in  T urin . 
T h is  proves th a t th e  pu lsatory  oscillations o f the  walls o f th e  blood-vessels do  
n o t undergo  any  altera tion  w hen th e  d im inu tion  o f th e  atm ospheric  p ressure 
on th e  surface o f ou r body corresponds to  a he igh t o f 4 ,000 m etres. T h is  
difference o f  p ressure causes no variation  in th e  form  o f th e  pulse, b u t fatigue 
an d  th e  a lte red  chem ical cond itions of the  organism  ren d er th e  blood-vessels 
m ore unstab le , th e  heart w eaker an d  th e  circu lation  less active.
IV .
T h e  m ovem ents o f th e  blood-vessels w hich we have con sid e red  in th e  
preceding section have m ade us acqua in ted  w ith a  local p h en o m en o n  o f the 
circulation o f th e  b lood  : in o rder to form  an  idea  o f th e  general p ressu re  o f
F ig . 29.—Sphygmomanometer for the m easurem ent of the pressure o f the blood in man.
the blood I m ade use o f  th e  sphygm om anom eter. Fig. 29, w hich is th e  
reproduction of a photograph  taken  during  an experim ent o n  D r. K iesow , 
shows the construction  of th is instrum ent.
T he  apparatus is filled w ith w ater an d  th e  m iddle  an d  th ird  fingers o f 
both hands are in troduced  in to  th e  m etal sheaths w hich a re  lined  w ith  ind ia - 
rubber finger-stalls. T h e  hands are  then  firmly fixed by m eans o f tw o
supports w orked by screws, th e  arm s being  held  close to  th e  trunk . T h e  
fingers being  thus sh u t in to  th e  m etal tubes, a  p ressure is effected on the 
w ater con ta ined  in  th e  cylinder by m eans of a  little  p is ton  (to the  righ t o f the 
figure). T h is  p ressure is com m unicated  to  th e  surface o f the  fingers and  
thence  to  th e  m ercurial m anom eter w hich ind icates its heigh t in millim etres. 
T h is  apparatus, to  w hich I  have given th e  nam e o f sphygm om anom eter, 
registers a t  th e  sam e tim e pu lse  an d  p ressure.1
Fig. 30 gives th e  w riter’s pulse-curve during  the  m easu rem en t o f the 
b lood-pressure w hich fluctuates betw een eight an d  ten  cen tim etres o f m ercury.
F ig . 30.—A . Mosso. Curve of blood-pressure (Regina Margherita Hut, alt., 4,560 metres).
In  th is case also th e  pressure o f the b lood  rem ained  th e  sam e a t a  height of
4,560 m etres on  M on te  R osa  as in  T urin . In  th is curve th ree  undulations 
are  observable sim iliar to those  w hich till now h ad  only been no ticed  in 
anim als w hen a m anom eter was in troduced  in to  an  opened  artery. T h e  fact
A
H
F ig . 31.—U. Mosso. A. Cune of blood-pressure. b. Respiratory curve taken at the 
same time (Regina Margherita Hut, alt., 4,560 metres).
th a t the  pressure o f th e  b lood  in  th e  R egina M argherita  H u t was norm al 
confirm s w hat has been  already stated , nam ely  th a t th e  d im in ished  barom etric  
p ressu re  does no t cause a  d ila ta tion  o f th e  blood-vessels a t th e  heigh t o f
4,560 m etres. W e shall presen tly  consider th e  m odifications of c irculation 
p roduced  by fatigue and  m ountain-sickness.
1 A. Mosso, Sphygmomanomctre pour mesurer la pression du sang chez F homme. Archives 
italiennes de Biologie, xxiii. p. 177. F. Kiesow, Versuche m it Mossos Sphygmomanometer 
über die durch psychische Erregungen hervorgerufenen Veränderungen des Blutdruckes beim 
Menschen. Wundts Philos. Studien. Bd. xi. s. 41 ff.
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T h e  sim ultaneous re­
gistration o f the  pressure 
o f the b lood and  th e  re­
spiration acqua in ted  m e 
with the fact th a t on  the 
Alps there  is an  in tim ate  
relation betw een these 
two phenom ena, as m ay 
be seen from Fig. 3T. 
W hen the b rea th ing  in ­
creases in  in tensity  the 
pressure augm ents like­
wise, and  decreases w hen 
the respiration dim inishes 
in intensity. T h e  syn­
chronism o f these  two 
phenom ena is evident. 
I  do not think, however, 
that the one is the cause 
of the o th e r ; probably  
both are the effect o f a  
simultaneous change in 
the centre o f respiration  
and in th a t o f th e  vaso­
m otor nerves.
In  my bro ther, in 
whom the respiratory  
periods are m ore m arked, 
the undulations in  the 
blood-pressure are  also 
more pronounced. T h ese  
observations seem  im por­
tant to me, because un til 
now it was no t know n 
to physiologists th a t such 
a close relation existed 
between the pressure o f 
the blood an d  th e  re­
spiratory periods.
An equally new  and  
fundam ental fact is esta­
blished by these curves : 
the periodic change in 
the rate o f the  cardiac 
pulsations. W h e n  th e  
breathing is m ore forcible 
we see (Fig. 31) th a t 
the heart-beats becom e 
stronger and  less fre­
quent. W hen the b rea th ­
ing slackens- or ceases, 
the pulsations o f th e
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h eart becom e w eaker an d  m ore frequent. In  m yself (Fig. 30), as in  my 
b ro ther, th e  sam e period ic  variations in th e  ra te  o f th e  pulse, w hich I have 
never observed in th e  plain, were observable.
F rom  th e  circum stance th a t I  have no ticed  these period ic  changes in 
th e  force and  ra te  o f th e  pulse in  persons suffering from  m ountain-sickness,
I  conclude th a t th e  action  o f th e  heart is a lte red  on th e  A lps, so tha t, even 
during  com plete  repose an d  w hen one feels qu ite  well, there  are  periods 
d u ring  w hich its activity  dim inishes, an inc ip ien t paralysis o f th e  organ 
m anifesting  itself. A fter th is d im inu tion  in  th e  energy o f th e  systole, there  
is a  period  during  w hich th e  action  o f th e  heart seem s m ore vigorous, the 
pu lsations being  stronger an d  less frequent.
I  know  o f no o th e r fact in  the  physiology o f m an  m ore likely than  this 
(w hich ind icates th e  beg inn ing  o f a  functional a lte ra tion  of th e  heart), to  
afford us an  explanation  o f th e  m echanism  w hich causes the  ou tb reak  of 
m ountain-sickness.
In  o th er respects, too, th e  sim ultaneous registration  of th e  resp iration  and  
o f th e  p ressure o f th e  b lood  was o f service to  me. C erta in  m odes of 
b rea th ing  w hich seem  irregular w hen exam ined singly, lose th is character 
w hen considered  together w ith th e  curve o f th e  b lood-pressure.
I  give th e  instance of an  E nglish  gentlem en, M r. G. T hom pson , who 
arrived, w ith a  friend  an d  a guide, in  such  good cond ition  on P eak  G nifetti 
th a t he  d id  n o t even wish to  en te r th e  hu t. T h e  w eather was fine an d  th e  
party  seem ed d isposed to  rem ain  on th e  sun lit te rrace  enjoying th e  m ountain  
panoram a un til they  set off again. H av ing  looked  in to  th e  hut, however, 
they  becam e in terested  in  the w ork o f our expedition , and  willingly agreed to 
con tribu te  the ir share  to  physiological research  by offering them selves for 
exam ination.
In  Fig. 32, as in th e  one preceding, the pressure-curve is registered above, 
th e  respiratory  curve below. I f  we consider th e  la tte r we m ight be inclined 
to  th ink  th a t th e  irregularities due  to  deep  an d  superficial inspirations were a  
casual occurrence, as sim ilar irregularities are  observable in nearly  all persons, 
especially during  fatigue. B u t if we exam ine th e  undu la tions o f th e  upper 
curve, we no te  th a t w henever th e  resp iration  becom es m ore am ple, a  m ore 
v igorous beating  of th e  heart is ind ica ted  in th e  pulse-curve taken  w ith the 
sphygm om anom eter an d  th a t vice versa  th e  pressure of th e  b lood  dim inishes 
w hen the force o f th e  b rea th ing  decreases. T h e  rate  o f the  cardiac pulsations 
is g reater, therefore, in th is case also, w hen th e  pu lse  is weak, an d  less w hen 
th e  pulse becom es stronger.
T h ere  is, therefore, an inc ip ien t a lteration  in  th e  functions of th e  heart 
a n d  b rea th ing  - appara tus even in  persons who feel qu ite  well. T h ese  
sym ptom s, w hich escape the  less a tten tive  observation  o f travellers who 
have reached  g rea t heights a n d  who seem  to  be in norm al conditions, m ark 
th e  beg inn ing  o f m ountain-sickness w hen it is so slight th a t it rem ains 
unnoticed .
V.
T h e  nu m b er of pulsations increases considerably  during  an  ascent. O n 
th is p o in t all a re  agreed. I t  is, however, fu rther believed th a t th e  pulse 
b eats m uch m ore rapidly on the  m oun ta ins even w hen one is in a sta te  of 
p rofound  repose. I n  th e  tab les given in  C hap te r X V I. are  en tered  the 
observations w hich I  m ade every day  on five soldiers belonging to  the
expedition. Specially im portan t are  the figures ind icating  th e  ra te  o f th e  
pulse in the m orn ing  before the  subjects had  risen. W e see from  them  tha t 
there is a  slight change, for in th e  R egina M argherita  H u t th e  pu lse  never 
sank to the m inim um  observed  in  T u rin . T h e  differences are, however, 
much less considerab le  th an  physiologists, w ho have stud ied  th e  question , 
maintain. Physicians a t clim atic sta tions have co n trib u ted  m ost o f th e  
publications on th e  subject. T h e  contrad ic tions in  th e  resu lts they ob tain  
prove tha t th e  cond itions o f th e  persons exam ined were n o t d e term ined  w ith 
sufficient exactness.
Jaccoud found a t St. M oritz (alt., 1,856 m etres) an  augm en ta tion  o f from  
12 to 18 pulsations an d  ab o u t five resp irations per m inute . A rm ieux m ain tains 
a dim inution of ab o u t four pulsations an d  an augm enta tion  of two resp irations 
per m inute a t B arège. D r. V acher even speaks o f a  fièvre  d ’a ltitu d e  from  the 
observation of an  increase o f ab o u t 10 heart-beats a t D avos (alt., 1,558 m etres). 
Veraguth, too, found, a t St. M oritz, an  augm enta tion  of ab o u t eigh t pulsations 
in the first week, while afterw ards the  pu lse  neared  its norm al rate, w ithout, 
however, quite recovering it. M ercier, M erm od, W eber found  th a t the  pulse 
augments a t heights o f ab o u t 1,800 m etres (w hich M ercier calls grandes  
altitudes) '.
These observations in  th e  clim atic  stations, a lthough  very ab u n d an t, a re  
not very reliable, for being m ade a t relatively inconsiderab le  heights, the 
exciting influence of surroundings may have been  confounded  w ith the  action  
of rarefied air. V acher found, in fact, a  d im inu tion  o f the pulse-activity an d  
out o ften  cases V eraguth  found two in  w hich th e  pulse becam e slower after 
the arrival a t St. M oritz.
Dr. M erm od says th a t th e  pulse increased  by 2 ‘21 pu lsations per m inu te  
in going from L ausanne to  St. Croix, a  rise o f 600 m etres. C onway found, 
on the contrary, th a t a t a  heigh t o f 6,000 m etres his pu lse-ra te  was norm al 
during repose. I f  a t th is heigh t o f 6,000 m etres, ten  tim es g rea ter than  th a t 
mentioned by D r. M erm od, th e  ra te  o f the  pulse is unaltered , it m ust be 
acknowledged th a t it is som ew hat difficult to  draw  general conclusions. 
M erm od’s results a re  rendered  doubtfu l w hen we rem em ber th a t there  
are continual barom etric  variations w hich m ust be taken  in to  account. A t 
an ordinary pressure there  are  som etim es storm s w hich rapidly  establish  a  
difference of p ressure o f 40 m illim etres. I f  a  sim ilar variation  (corre­
sponding to  a heigh t o f 600 m etres) were to  p roduce  an  augm enta tion  in  the 
rate of the pulse, it w ould have been  noticed . T h e  physicians w ho have 
studied the influence of barom etric  variations, as, for instance, V ierordt, 
maintain the contrary, expressing th e  op in ion  th a t there  is a  slackening in 
the pulsations o f the heart w hen the  atm ospheric  p ressure d im in ishes in  the 
plain.
V I.
Serviceable data  on th e  augm enta tion  in  th e  ra te  o f th e  pu lse  and  
breathing were co llected  by D r. F rancesco  G urgo in July , 1896, a t the 
Regina M argherita H u t. Six m em bers o f th e  Ita lian  A lp ine C lub  accom ­
panied eight studen ts an d  one  young lady up  M onte R osa, in one o f the 
so-called scholastic excursions 2 w hich th e  T u rin  section  often organises for 
the purpose of tra in ing  young  m ountain-clim bers. D r. G urgo was th e  
physician of the party . H is  observations (see tables, p. 63), a re  th e  m ore
1 Société de Biologie, 9 Ju in , 1894, p. 481. 2 Carovane scolastiche.
notew orthy  as th e  sub jects w ere young peop le  w ho were little  tra ined  and  
h ad  never been  a t g reat heights.
T hey  left T u rin  by train , w ent on  foot from  P o n t St. M artin  to  G ressoney 
la T rin ità , a  walk of ab o u t ten  hours. H e re  I had  th e  p leasure o f m aking 
th e  acquain tance  o f all th e  m em bers o f the  expedition. A fter resting  the 
n igh t a t G ressoney, they  w ent on th e  nex t day a t ab o u t 9 a.m .
A fter sleeping a t G nifetti H u t, they  reached  th e  sum m it o f M onte  R osa 
on th e  27th o f Ju ly  a t  10.30 a.m ., th e  w eather no t being very favourable. 
T h e  observations on th e  b reath ing  w ere alm ost all m ade during  sleep, or 
w hile th e  sub jects were lying dow n, resting. T hose  on th e  pulse were 
likewise m ade during  a  sta te  o f repose, so far as this wras possible.
O n the  second  day after th e ir arrival a t R egina M argherita  H u t they tried  
to  descend, b u t after two hours an d  a  h a lf o f ineffectual effort they were 
obliged to re tu rn  owing to  the v io lent storm  w hich was raging. T h is  explains 
w hy pu lse an d  b rea th ing  are  m ore rapid  in nearly  all on th e  second  day. O n 
the  th ird  day th e  sun had  reappeared  and  th e  party  left a t t2  a.m ., a lthough  
th e  w eather was still threaten ing . T h e  observations o f th e  th ird  day were there­
fore m ade in  the  m orning, w hereas those  o f th e  two days p reced ing  w ere m ade 
tow ards evening. T h e  inciden ts o f the  expedition  were described  by th e  
leader o f the expedition , Sig. G uido R ey .1
I t  is im portan t to no te  th a t none  o f these persons suffered from  m ountain- 
sickness w ith serious sym ptom s, only two com plained  of nausea  during  the tim e 
spen t in th e  R egina M argherita  H u t. A ll had  headache, w hich ceased or 
d im in ished  w hen they  w ent ou t in to  th e  open  air. T h is  was, however, no t 
always possible on accoun t o f th e  storm .
I n  o rder to  give an idea o f th e  unfavourable hygienic cond itions in  the  
h u t a t th is tim e, I  m ust m ention  th a t in  consequence o f the  b ad  w eather two 
scholastic  parties h ad  taken  refuge th ere  an d  w ere obliged to  stay together for 
th ree  days. T h e re  were, therefore, forty-five persons in  a  space g -20 m etres 
long  an d  th ree  m etres wide, so that, tak ing  th e  fu rn itu re  in to  account, each 
person  h ad  less th an  o -6 i3  square m etre  o f space, an d  scarcely r a g  cubic  
m etres o f air. By day th e  stove served as a  ventilator, an d  from tim e to  tim e 
th e  w indows were opened  in o rder to  renew  th e  air. B u t by n igh t when, as a 
rule, th e  phenom ena  o f m ountain-sickness are  m ore pronounced , th e  a ir was 
certain ly  worse. I f  we bear in m ind  th e  barom etric  depression  p roduced  by 
th e  tem pest an d  th e  im poverishm ent o f the  a ir w ithin, w here so m any persons 
were breath ing , we are  aston ished  th a t only two o u t o f fifty suffered from 
slight sym ptom s o f m ountain-sickness.
D uring  th e  storm , w hen there was no possibility  o f renew ing provisions, 
th e  fear o f the ir runn ing  short m ade itself felt on th e  second  day, w hen th e  
leaders o f th e  two expeditions decided  to  d im inish  the  rations. T h is  un ­
easiness m ust certain ly  have had  a  very unfavourable influence on  the nervous 
system  of the m em ber o f th e  two parties.
H ow ever difficult it m ay be to  m ake statistical com parisons, these figures 
n o ted  by D r. G urgo indicate, nevertheless, a  m inim um  percen tage of cases of 
m ountain-sickness, m uch below th e  usual average on M on t B lanc an d  in 
V allo t H u t, s itua ted  ab o u t 200 m etres lower, an d  also  below th e  average of 
th e  cases w hich cam e u n d er m y notice in  th e  R egina M argherita  H u t. 
O ne certa in  fact is, th a t th e  d im inution  o f oxygen caused  by th e  p resence 
o f so m any persons in  a  lim ited  space d id  no t aggravate the ir condition , and  
th is is o f im portance to th e  theory  of th e  origin o f th e  indisposition.
1 G. Rey, Ulta escursione scolastica al Monte Rosa. T orino, 1897.
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I Adele Bona 68
20
104
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112
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96
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Pulse irregular and in ter­
m ittent the first day.
2 Alcide Bona 76
14
IOO
20
HO
22
IOO
16
Idem .
3 Livio Cibrario 61 I IO I I6 94
16
Breathing irregular during
23 20 24 first and second day, some­
times deep and sometimes
61
very superficial.
4 Silvio Salza
23
92
20
SO
18
68
16
D uring is t  day regular 
alternation of one deep and
96
one superficial inspiration.
5 Carlo Toesca 66 IO4 SS
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D uring is t  day respiratory
17 20 22 pause after every 7 or 8 
breaths.
6 Giorgio Volla 66
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104 102 86 Respiration w ith distinct
22 22 iS periods o f greater and lesser 
am plitude.
7 Adolfo Hess 68
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IIO 98 96 Breathing and pulse always
24 22 iS regular.
8 Giovanni Negri 68 108 IO8 92
1819 24 22
9 Pietro Golfi 73
14
98
18
90
16
76
14
10 Basilio Bona So
20
IO O
34
I08
36
SS
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Slight indisposition before 
the ascent. D uring 1st and 
2nd day typical Cheyne- 
Stokes breathing, in w aking 
condition likewise.
h MassinioCappa 56
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88
19
90
20
SS
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12 G. B. Devalle 76 102 98 82 Suffered from nausea. D u r­
16 20 24 iS ing 1st and 2nd day every 5 
or 6 respirations were followed
Guido Rey
by a  fairly long pause.
13 64
17
82
iS
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24
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20
14 Gustavo Turin 75
16
104 100 So
16
Periodic respiration during
22 20 S l e e p .
"S Gustavo Nasi 75 ; n o 104 SS
14 20 20 16
T he observations on the  norm al rate o f the pulse and  b rea th ing  were m ade 
a few days later in T u rin  an d  in  o th er neighbouring  tow ns of th e  plain w hither 
the mem bers of the expedition  had  retu rned . I  had  begged them  all to  coun t 
pulse and breath ing before rising in  th e  m orning, after th e ir re tu rn  to  th e ir 
homes, and here express my th an k s for the ir punc tua l response to  m y request. 
In  the table the rate  o f the pulse an d  resp iration  in S ignorina B ona a n d  th e  
students, who were all o f an age varying from  eigh teen  to  n in e teen  years, 
is first given, then  follow observations on the m em bers o f th e  A lp ine  C lu b .1
1 Basilio Bona, 50 years of age ; Massimo Cappa, 42 ; G. B. Devalle, 22 ; Guido Rey, 36 ; 
Gustavo Turin, 33 ; Gustavo Nasi, 45.
I have a lready  m en tio n ed  th a t th e  augm enta tion  in th e  ra te  o f pulse and  
b rea th ing  found  in the  clim atic sta tions m uch surpasses th a t observed  by m e 
a t g rea t heights. D r. G urgo’s statistical resu lts on th e  th ird  day th a t the 
fifteen persons w hom  he was observing had  been  in  th e  R egina M argherita 
H u t confirm  those  w hich I  ob tained . T h ese  d a ta  co rrespond  in  fact to 
V erag u th ’s observations a t St. M oritz, on  persons im m ediately  after the ir 
arrival, a lthough  th e  sta tion  of St. M oritz in  situated  2,704 m etres low er than  
th e  R egina M argherita  H u t. W e shall presen tly  see th a t when th e  sojourn 
on  th e  su m m it o f M onte  R osa is prolonged, pulse an d  b rea th ing  approach  still 
m ore nearly the ir ord inary  ra te .1
T h e  average pulse-rate in  th e  six m em bers o f th e  A lp ine C lub, on the 
th ird  day in  the  hut, was 84, th a t o f the studen ts, 88 ; this difference arising 
probab ly  from  the  g reater age an d  streng th  an d  b e tte r  tra in ing  o f the 
m em bers o f the C lub. O n the  last day th e  pulse was regular in all, whereas 
during  th e  first day it p resen ted  in  m any o f them  rem arkab le  variations in 
streng th , be ing  som etim es filiform an d  im perceptib le. T h ese  variations are 
no t taken  acco u n t o f in  th e  tables, only th e  g reater variations observed in  the 
ra te  being given.
H ere, too, we notice, in S ignorina B ona an d  in  th e  studen ts C ibrario , 
Salza, T oesca , th a t the  b reath ing  m ay becom e slower than  th e  norm al on the 
m ountains, in  sp ite  o f the rarefaction  of th e  air. In  S ignori H ess an d  T u rin  
th e  rate o f b rea th ing  d id  no t alter. O n the  second  day four studen ts show ed 
an  augm en ta tion  in  the ra te  o f pu lse and  breath ing. T h is  increase m ust 
be  a ttr ib u ted  to  th e  less favourable cond ition  o f th e  organism  resulting  from 
the  rarefaction  o f th e  air, as we know  th a t th e  exertion  undergone on this 
day  was less than  th a t on th e  first day w hen th e  en tire  ascen t had  been 
accom plished.
V II .
I f  there  is the  sam e augm entation  in th e  ra te  of pulse a n d  breath ing  
during  th e  first days a t St. M oritz as on th e  sum m it o f M onte R osa, we m ust 
n o t therefore  th in k  th a t th e  causes are  in  b o th  instances the  sam e. W here 
inconsiderab le  heights are concerned  it m ay be th e  exciting influence of the 
A lp ine clim ate  w hich m akes itself felt ; on M onte R osa th e  causes lie deeper 
an d  are m ore com plex. A t St. M oritz an d  o th er clim atic stations th e  augm en­
ta tion  is no t a  constan t phenom enon, w hereas in th e  R egina M argherita  H u t 
I  observed  it invariably in  all, an d  there  a  longer period  o f acclim atisation  
is necessary before th e  organism  adap ts itself to  th e  new  cond itions due to 
the rarefied  air. T h e  two keepers o f th e  h u t had , a lthough  a t a he igh t of
4,560 m etres, th e  sam e pulse-rate a t th e  en d  o f th e  season as in the plain 
before perfo rm ing  th e  ascent.
H a lle r’s conception , th a t on the  m oun ta ins there  lacks a  counter-pressure 
a t  th e  surface  o f th e  body an d  th a t the  beating  o f th e  hea rt is accelerated  
ow ing to  th e  d ila ta tion  of the blood-vessels, was m ade by m any physiologists 
to  serve as an  explanation  o f th e  increased  pulse-rate, b u t we have already 
seen th a t th is  hypothesis canno t stand  before criticism  an d  experim ent.
M any im ag ined  th a t th e  g rea ter frequency of th e  card iac pu lsations was a 
m eans o f com pensation  for the lack o f oxygen, and  th a t th e  b lood  m ust
1 T he results of the observations on the members of our expedition are given in five tables 
of C hapter X V I. and in o ther tables a t the end o f the book.
circulate m ore actively in th e  lungs because the  a ir is poor in oxygen. A t 
the A lpine stations an d  on m oun ta ins lower than  3,000 m etres th e  acceleration  
in the activity o f the  heart is certain ly  no t due  to  a deficiency of oxygen, 
for till now no one has proved  th a t the b lood  is influenced by so slight a  
rarefaction o f the  air.
T he  tracings (Figs. 30 an d  31) ind icating  the period ic  m odifications w hich 
the rate and  streng th  o f th e  pulse undergo, I  have in troduced  in order to  
show tha t this augm enta tion  is no t due  to  a  m echanical perfection o f our 
organism, but is, on th e  contrary, th e  beg inn ing  of a m orbid  condition . In  
all probability it is th e  inh ib ito ry  nerves o f th e  heart which, a t great heights, 
becom e irregular in their action.
Since Paul B ert m ountain-sickness has been  considered  by all as an 
asphyxia. T h e  study  of th e  pulse suffices, however, to  show th a t it is quite 
a different process. In  asphyxia, th e  ra te  o f the pulse dim inishes, and  it 
augments, on the contrary, in  rarefied air.
T he  better to  establish  these facts w hich p repare th e  way for a  new theory  
of mountain-sickness, I  com m unicate  two experim ents m ade in th e  pneum atic  
chamber, in o rder to  exclude the effects o f fatigue.
T he  m echanician o f my institu te , Luigi Cori no, had , on  Ju ly  17, 1895, a t 
3.10 p.m ., a  pulse-rate o f 81 beats to  th e  m inute, after rem aining seated  
and resting for ten m inutes, th e  atm ospheric  p ressure being 742 m illim etres.
H e then  en tered  th e  pneum atic  cham ber an d  th e  air was rare­
fied. A t 4 p .m ., w hen the  inner p ressure was 412 m m ., th e  pulse- 
rate was 94. T h e  depression had  therefore caused  an  augm enta tion  of 14 
pulsations, a lthough  the  sub jec t rem ained  seated  an d  m otionless an d  was 
quite free from apprehension , as he was already  accustom ed  to  these experi­
ments. T h e  norm al p ressure being  restored  a t 4.22 p.m ., the pulse becam e 
slower than  before, beating  only 76 tim es in  th e  m inute.
T he  sam e day I  m ade an o th e r experim ent on myself. In  repose my 
pulse beat 62 tim es in  th e  m inute. A t 4 .40  p.m . I en tered  th e  pneum atic  
cham ber and  th e  rarefaction of th e  a ir was begun. A t 5.22 p.m . th e  
barom eter m arked 422 mm . T h e  pulse-rate was 68. A fter the re tu rn  to 
the norm al pressure the  pulse fell to 58.
T he  slackening of pulse an d  b rea th ing  w hen one passes from rarefied air 
to a norm al pressure show s th a t the  nervous system  rapid ly  accustom s itself 
to a  d im inution of the quan tity  o f carbon ic  acid  and  oxygen in  the blood. 
T he fact th a t the ra te  o f b reath ing  an d  of the cardiac pulsations sinks below 
the norm al on the cessation o f th e  rarefaction  of th e  a ir  m ust be a ttrib u ted , I 
believe, to the nervous system  being affected by the  norm al cond ition  of the 
blood, as if by an  excess o f carbonic acid  and  oxygen.
T he  opinion m ain tained  by som e th a t th e  qu ickened  m ovem ents o f th e  
heart in rarefied a ir are a m eans of com pensating  autom atically  for the lack 
of oxygen by the  p rom otion  of a m ore active circulation, is com bated  by 
the fact that the m echanism  is inadequa te  to  its supposed end , th e  circulation  
rem aining languid, no tw ithstand ing  the increased  activity o f th e  heart.
T his fact becom es very ap p aren t w hen th e  barom etric  depression is great, 
as in the following experim ent on the servant o f th e  institu te, G iorgio M ondo. 
T he external pressure was 740 mm. T h e  sub jec t’s pulse, a fter he h ad  
sat still for ha lf an  hour, beat 59 tim es in  the m inute. W hen  th e  pressure 
had been reduced  to  half an  atm osphere , th a t is to 370 mm . ( =  5,520 
metres), the pulse beat 90 tim es per m inute , w hile afterw ards a t th e  norm al 
pressure it sank to 53 beats in  the m inute. T h e  increase o f one-th ird  in  th e
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frequency of the pulse was accom panied  by ph en o m en a  sim ilar to  those 
w hich appear in  m ountain-sickness. T h e  pressure h ad  been  reduced  to 
370 m m . in  abou t h a lf an  hour, w hen M ondo inform ed us th a t he  did 
no t feel as well as a t first, his cheeks an d  lips w ere b lu ish  an d  the  skin 
had  becom e ra ther pallid. T h e  circulation  of th e  b lood  was therefore less 
active, for, as shall be  fu rther explained a t th e  end  of C hap te r X IV ., this livid 
co lour arises from the  stagnation  o f th e  b lood in  th e  vessels o f the  skin, the 
heart lacking streng th  to  prom ote  the  circulation  as usual.
T h e  action  of th e  hea rt having been  considered, a  few w ords rem ain  
to  be said on th e  course o f th e  b lood  in  th e  capillaries. A lexander von 
H u m b o ld t’s observation  th a t on M oun t C him borazo, a t a  he igh t o f 5,700 
m etres, there  was a  b leed ing  o f th e  gum s in h im self an d  in  h is com panions 
a n d  th a t th e  conjunctiva was b lood-shot has been  h itherto  explained, together 
with all sim ilar facts, by th e  old H alle r hypothesis ; nam ely, th a t th e  b lood ­
vessels are, to  use Saussure’s words, “ faib lem ent co n treb an d és par la 
pression.”
T h is  con jec ture  has no t an  experim ental basis, an d  m y readers are, I 
hope, convinced by the foregoing explanations th a t physical action  alone 
is no t capab le o f p roducing  these d istu rbances. T h e  cause o f these bleedings 
m ust be sought in  the  w eakness o f th e  heart an d  in  the  languid  peripheric 
c irculation. T h e  b lood  stagnates in th e  d ila ted  blood-vessels an d  the 
skin assum es th a t characteristic  livid hue  w hich all have observed when 
on the sum m it o f m ountains.
M uch im portance has been  a ttr ib u ted  to  these hem orrhages, as phe­
nom ena bearing ou t th e  old theories respecting  th e  physiology of m an on 
the A lps. M y observations do  no t enable  m e to say th a t b leedings are  very 
frequent. A t p resen t I  only m ention  th is fact, to w hich I shall re tu rn  in  the 
sequel. T h e  hem orrhages often m en tioned  by travellers are  never so 
a b u n d an t as they  w ould be w ere they  due  to  a physical cause. T hey  arise, 
as P ayo t has said, from  a passive congestion . T h e  venous co lour o f the 
skin shows th a t th e  b lood  circulates badly, th e  walls o f the vessels grow weak 
an d  burst easily ; bu t th is is a  sufficiently rare phenom enon  no t ascribab le  to 
th e  exercising of a  local, aspiring  action  on th e  b lood by the d im in ished  
pressure, still less to  th e  palp ita tion  of th e  heart which, accord ing  to  others, 
m ight bu rs t th e  vessels th rough  som e too  vigorous pulsation .
V. Scila.
Valley of Macugnaga.
C H A P T E R  V
F A T IG U E  O F  T H E  H E A R T
I.
WH E N  the  heart perform s excessive w ork it d ila tes an d  alters. P ro ­longed m uscular ac tion  causes fatigue o f th e  heart.In  1870 an  E nglish  physician  (Clifford A lbu tt) drew  th e  a tte n ­
tion of his colleagues to  th is phenom enon . P atho log ical facts a n d  sym ptom s 
were collected an d  a  defin ite  acqua in tance  was m ade w ith  th e  new  disease 
which has been called  card iac overstrain, card iac irritability , sub-paralysis 
of the heart, according to  th e  various authors.
I  shall here relate A lb u tt’s first observation  on  h im self a n d  then  th e  
investigations w hich I m ade on  M o n te  R osa  in  co llaboration  w ith D r. A belli, 
and in T urin  w ith D r. Z. T reves, an d  w hich prove th a t th e  first traces o f th is 
disease may appear in  healthy  m en in  consequence  o f an  ascent.
67
In  th e  sum m er o f 1868 A lb u t t1 began a  series o f excursions in  th e  A lps 
w ithout sufficient previous training. A t first he  felt perfectly  well, b u t on clim bing 
th e  A eggischhorn a t ra th er a  m ore rap id  pace th an  usual he  was suddenly  
seized w ith a  strange need  o f b reath ing  never till th en  experienced, an d  w hich 
was accom pan ied  by a  d isagreeable feeling o f tension  a n d  th robb ing  in  the 
epigastrium . H e  laid  h is h an d  on his hea rt a n d  felt th a t th e  beating  was 
diffused th roughou t th e  epigastrium , opened  his sh irt an d  ascerta ined  by 
m eans of percussion  th a t th e  righ t ventricle o f th e  hea rt was m uch  dilated . 
A fter a  short rest in a  horizon tal position  th e  sym ptom s partially  subsided, 
b u t re tu rn ed  im m ediately  w hen an  a ttem p t was m ade to  clim b higher. W hen 
a t leng th  A lb u tt had  reached  the heigh t o f the  A eggischhorn  inn  an d  had  
one o r two m iles to  go on level g round, th e  indisposition  d isappeared  a t once. 
D uring  the  n igh t spen t a t the  inn, he  was sudden ly  roused  by a  strong 
palpita tion , the  hea rt bea t violently  in  th e  epigastrium  an d  there  was great 
difficulty in  b reath ing, b u t th e  cardiac du lness d id  n o t pass beyond  the 
sternum . H e  opened  th e  window, drew  a  few deep  brea ths an d  recovered.
O f la te  years th e  a tten tio n  of physicians has been  tu rn ed  to  the  poisons 
w hich certain  diseases produce. T oxic  inflam m ations an d  local affections o f 
th e  hea rt a re  m ore especially due  to  infective processes. I t  is on this accoun t 
th a t persons w ho have ju s t recovered  from  typhoid  fever, d iph theria , o r even 
a  sim ple influenza, m ust exercise the  grea test cau tion  in  th e  perform ance of 
m uscular effort. C linical stud ies on  th is sub jec t a re  now very num erous, the 
experim ents o f the  physiologists having p repared  the  g round  for them , as 
Prof. Stefani show ed in a  recen tly  pub lished  w ork.2
In  an  artic le  in  th e  B ritish  M edica l J o u r n a l ,3 by R oy  an d  A dam i, the 
form er w rites th a t he  too  had  experienced  overstrain  o f th e  heart from in tense 
m uscular exercise. D uring  convalescence after typho id  fever he  was called 
upon  as physician to  perform  a  rap id  an d  fatiguing m arch  over th e  M er de 
G lace, as far as th e  Ja rd in , in o rder to  a tten d  a  guide from  C ham onix  who 
h ad  m et w ith an acc iden t an d  was seriously in jured . T h e  sym ptom s expe­
rienced  co incided  perfectly w ith those described  by A lbutt.
R oy  an d  A dam i show ed experim entally  th a t a  very short tim e suffices to 
p roduce  a  d ilation  in th e  heart o f th e  dog w hen the  p ressure o f the b lood  is 
augm en ted  beyond  a certa in  limit.
I I .
T h e  form  an d  volum e o f ou r heart m ay be  ascerta ined  w ith sufficient 
accuracy, externally, by m eans of percussion . T h is  m ethod  o f investigation 
resem bles th a t by w hich th e  level o f w ine in  a p ipe is de te rm ined  w ithout the 
opening  o f th e  latter. By slightly knocking  th e  p ipe one is ab le  to  tell, from 
th e  difference of sound  resulting, how h igh  th e  liqu id  rises in  it an d  w hat 
p art o f it is filled w ith air. In  th e  sam e m anner th e  percussion o f th e  thorax 
enab les us to  de term ine th e  ex ten t o f the  lungs. T h ese  resound  to  a knocking 
on  the  chest, because they are  full o f air. I n  th a t part, on  th e  contrary, 
w here the  hea rt touches th e  tho rax  or lies very close to  it th e  sound  is duller, 
m ore obtuse.
A n instrum ent, called  a  phonendoscope by its constructo r, D r. A. B ianchi,
1 Clifford A lbutt, St. George’s H ospital Reports, vol. v ., 1870, p. 29.
2 A. Stefani, Action de la pression artérielle sur les vaisseaux et sur le cœur. Archives 
italiennes de Biologie, tom e xxvi. p. 173.
3 Roy and Adam i, Remarks on failures of the heart from overstrain. British Medical 
Journal, D ec., 1888.
facilitates this investigation, th e  volum e o f th e  organs co n ta in ed  in  the  
cavities o f chest an d  abdom en  being  determ ined , by its aid, w ith m uch
greater accuracy. T h e  
p h o n e n d o s c o p e  re in ­
forces th e  sounds in such 
a  m anner th a t th e  per- 
cu tien t process is now no 
longer necessary, it suffi­
ces to  draw  a  finger lightly  
over th e  skin to  p roduce  
v ib rations so d is tinc t 
th a t th e  lim its o f any 
given organ in  th e  cavity 
o f tho rax  o r abdom en  
m ay easily be ascerta ined.
Fig. 33 rep resen ts 
the form  o f th e  heart, 
traced  by D r. Z. T reves 
by m eans o f th e  B ianch i 
phonendoscope.
T h e  u pper oval, 
w hich touches w ith  its 
apex th e  left m am m a, 
F ig . 33.— Form  and position o f the heart determ ined ind ica tes th e  periphery
with the Bianchi phonendoscope. 0 f th e  left ven tric le ; th e
oval below  by w hich it
is intersected m arks th e  o u tline  ot th e  righ t ventricle. H ig h e r up, on the  
breast - bone, we 
see the con tour 
of the left auricle, 
the little circle 
below it indicating 
the right auricle.
This drawing was 
verified several 
times by Dr. T re ­
ves on corpses.
T he figure traced 
by means of the 
p h o n e n d o s c o p e  
corresponded ex­
actly to the lim its 
of the heart w hen 
the thorax was 
opened.
T he exam ina­
tion of the heart, 
repeated a t in ter­
vals of about th ree F ig . 34.—A ugm ented volume of the heart after exertion of 
hours, showed th a t an  hour and a  half,
the volum e of the
heart changes during  th e  day an d  is different in  th e  evening from  w hat it is
in  th e  m orning. I  restric t m yself to  th e  com m unication  o f an  experim ent 
w hich shows how th e  form  of th e  heart m ay be altered  by a  b rie f exertion. 
T h e  subject, a  very robust person (see Fig. 33), was exam ined a t 8.30 a.m . 
w ith the phonendoscope, th e  lim its o f th e  hea rt th en  being  as ind ica ted  
by line a  in Fig. 34. A t 10 a.m ., after the tiring exercise o f carrying, du ring  
an  h o u r an d  a  half, two dum b-bells, 10 kilogram s each in  weight, up  an d  
dow n th e  laboratory  stairs, th e  form  of the  heart was as show n by th e  
d o tted  line b . In  o rder to  render th e  figure less com plex th e  ventricu lar 
sep tum  has been  om itted  in  b o th  a  a n d  b . T h e  augm ented  volum e o f the 
h ea rt a fter exercise o f an  hou r an d  a h a lf  is very ev iden t in th is experim ent. 
T h e  axis o f th e  hea rt is d isp laced  an d  there  is an  increase o f  volum e in  the 
upper p art co rresponding  to  th e  left ventricle.
I I I .
T h e  facts con ta ined  in th is chap te r concern ing  overstrain  o f th e  h ea rt are 
o f m ore general in terest than  the  sim ple study  o f m ountaineering. A ll who 
perform  great exertions in  cycling, rowing, &c., a re  sub jec t to  th e  sam e 
d isturbances.
T h e  causes o f the alteration  of th e  heart du ring  fatigue are  two in num ber: 
th e  one is o f m echanic or hydraulic origin and  depends on the  pressure of 
th e  blood, th e  o th er is chem ical o r toxic an d  is to  be sought in  th e  p roducts 
o f decom position  o f th e  organism .
M any observations have been  m ade on th e  circu lation  in  contrac ting  
m uscles. A u thors o f th e  g reatest authority , such as L udw ig an d  C hauveau, 
have m ain ta ined  th a t the  b lood  circulates m ore freely in  the  con tracting  
m uscle. M y experim ents on m an  do n o t enab le  m e to  confirm  th is sta ted  
augm en ta tion  of the  circulation. T h e  problem  is, how ever, no t res tric ted  to  
th e  determ ination  of th e  course o f th e  b lood  in  th e  w orking m uscle, the 
genera l p ressure o f the  b lood  m ust be ascertained . W e all know  from the 
palp ita tion  of the  heart how profoundly  th e  circulation  of the b lood  is 
a lte red , even when only a  sm all group of m uscles is called  in to  action.
T o g eth er w ith Dr. F . W . Tunnicliffe, o f L ondon , I  stud ied  th is p roblem  
o f  th e  circu lation  o f th e  b lood  in  th e  con trac ting  m uscle by m eans of new  
experim ents. T h e  m ethod  we adop ted  consisted  in th e  exam ination  o f the 
pu lsations proper to  the  m uscles. F o r th is ob ject we constructed  an  in s tru ­
m ent, show n in  Fig. 35, which, in  som e points, resem bles an o th e r apparatus 
already  know n in physiology : M arey’s cardiograph. I t  consists in  the sam e 
capsule o f w ood w hich is app lied  by m eans o f a  bandage to  th e  calf o f the 
leg, o r to th e  flexor m uscles o f th e  fingers, as in  Fig. 35. W ith in  th e  w ooden 
capsule there is a  tym panum  w ith an elastic m em brane, an  in n er spiral screw 
an d  an  external knob  of wood. By m eans of a m etallic spring enclosed 
w ithin th e  tu b e  above the  tym panum , the  m uscle m ay be  com pressed until 
its pulsations becom e visible. T h ese  are th en  traced  by m eans of a  tym ­
panum  w ith lever on a  sm oked cylinder. T o  th is in s trum en t we gave 
th e  nam e of m yosphygm ograph as it serves to  register th e  pulse o f the 
m uscles.
W hen the m yosphygm ograph is app lied  to th e  surface of a  m uscle w ithout 
a  sufficient pressure, no  pulsations are  seen, b u t if a  p ressure equal to two or 
th ree  cen tim etres o f m ercury  is exercised a curve is ob ta ined  sim ilar to  the 
u pper tracing  o f Fig. 36. T h ese  pulsations w ere o b ta ined  from  the calf o f 
th e  leg, th a t is, from  the  m uscles gastrocnem ius an d  gem elli. T h e  observa-
tion already m ade w ith th e  sphygm om anom eter, th a t the  pulsations increase 
in height to a  certain  lim it in  p roportion  as th e  external pressure is augm ented, 
is here verified. T h e  little  veins an d  lym phatic  vessels give to  th e  un co m ­
pressed m uscle an  a lm ost fluid consistency, so th a t the  pulsations of the little 
arteries are no t seen, b u t w hen part o f  the  m uscle is com pressed by m eans of 
the m yosphygm ograph the resistance is increased  an d  the transm ission of the 
pulsations o f th e  little  arteries th rough  th e  skin to  the registering tym panum  
effected. O n th is accoun t th e  pu lsations are  stronger w hen the arm  is raised  
as in Fig. 35.
T h e  circulation of 
the blood in the con­
tracting m uscle has 
already been stud ied  
by S ad ler1 a n d  Gas- 
kell.2 I  shall no t de­
tain the reader w ith a 
criticism and  com pari­
son of the experim ents 
of these investigators, 
as our object o f learn ­
ing the changes in  the 
circulation of th e  b lood  
in the working m uscle 
is sufficiently a tta ined  
by exam ining F ig . 36, 
which shows a myo- 
sphygm ographic curve 
obtained on D r. T un- 
nicliffe, the in strum en t 
being applied to  the 
calf of the leg. T h e  
subject lay on a  tab le  
witb his leg raised, the 
foot resting on th e  
shoulderof an assistant.
T he first part o f the 
curve as far as th e  sign
being w ritten, a  for­
cible contraction of the 
posterior muscles o f the 
leg of one m inu te’s 
duration was executed.
In  the tracing w ritten 
during the contraction  
the pulse is no t visible. T h is  is ow ing to  th e  hard en in g  o f th e  m uscle  which, 
in contracting, swells an d  becom es shorter. A ccord ing  to  this experim ent, 
there is no t th a t d ila ta tion  o f th e  blood-vessels du ring  m uscular contrac tion  
which is now generally  asserted . R a th e r are  we inc lined  to  m ain tain  th a t the
1 W. Sadler, Ueber den Blutslrom in  den ruhenden, verkürzten und ermüdeten Muskeln. 
Ludwig’s Arbeiten, 1S69, p. 189.
3 W. H . Gasiceli, Ueber die Aenderungen des Blutstroms in  den Muskeln durch die 
Reizung ihrer Nerven. Ludw ig’s A rbeiten, 1876, p. 45.
F ig . 35.— M yosphygmograph for the study ot the 
circulation of the blood.
circulation  in th e  m uscles is less vigorous during  the ir activity. T h is  fact 
m ay be a  partial cause o f the augm ented  pressure o f  th e  b lood observed when 
the m uscles are  a t work.
m uscle, w hich is thus c leansed  of i 
w ork has p roduced  w ithin its fibres.
1 he lower curve of Fig. 36 was 
taken  as soon as the  contrac tion  had  
ceased. W e see th a t th e  profile o f the 
pu lsations is altered . T h e  second 
dicro tic  elevation has d isappeared. T h e  
pulsations are nearer to  each other, 
because the beating  o f the hea rt is 
accelerated . T h e  po in t o f th e  pu lsa­
tions is b lun ted  an d  only after fifteen 
or tw enty of these have been  registered 
do we see the  d icrotism  slowly re-esta­
blish itself, b u t even after one m inute  
th e  form  o f th e  pulse is still d ifferent 
from  w hat it was before th e  con trac­
tion. T h ese  changes in th e  form  of 
the pulse prove th a t th e  blood-vessels 
of th e  m uscles d ila te  after a  forcible 
con traction , yielding m ore easily to  th e  
wave o f b lood  w hich passes th rough  
them . T h is  subsequen t d ila ta tion  of 
the  vessels is p robably  due to  th e  arrest 
o f circu lation  taking place in the 
m uscle du ring  its contraction .
A nalogy w ould lead  us to  suppose, 
know ing as we do  th a t w orking organs 
a re  m ore ab u ndan tly  supplied  w ith 
blood, th a t th e  blood-vessels o f the  
m uscles w ould d ila te  du ring  con trac­
tion. I t  m ay be, how ever, th a t since 
th e  m uscles have very b rie f periods of 
activity, the ir vessels do n o t d ilate 
w hen they  are  con trac ted , th e ir needs 
being sufficiently supplied  by th e  sub­
sequen t d ila ta tion  of th e  vessels ob ­
served by m eans o f th e  myosphygm o- 
graph. T h e  friction autom atically  
exercised by the  m uscle on its vessels 
in  the  ac t o f con trac ting  suffices alone, 
perhaps, in  rapid  an d  brief contractions, 
to  ren d er the  circulation  m ore active 
in  its interior. H ow ever th is m ay be, 
we have ascerta ined  th a t the circulation 
becom es m ore vigorous in the  m uscle 
after the cessation o f th e  contraction . 
T h is  is certain ly  o f benefit to  the 
e noxious substances a n d  scoriæ  w hich
IV .
W ith D r. Tunnicliffe I fu rther stud ied  th e  changes p roduced  in  the 
pressure of th e  b lood by walking. T h e  first researches on  th is sub jec t were 
conducted by B asch, M axim ow itsch, R ieder, O ertel, a n d  estab lished  th e  
increase of the blood-pressure during  w ork an d  ascents. O ur stud ies o f th e  
pressure o f the b lood in  w alking m an proved  th a t there  is an  augm enta tion  of 
two or th ree cen tim etres o f m ercury  w hen th e  usual w alking pace is kept.
Professor O ertel says th a t th e  pressure o f th e  b lood  increases during  
ascents because there  is a  m ore ab u n d an t flow of venous b lood  to  the  heart 
and an  equilibrium  estab lished  betw een th e  arteria l an d  venous pressure of 
the b lood .1
We observed th a t there  is a  con trac tion  of th e  blood-vessels a t th e  surface 
of the body w henever we perform  in tense  m uscular work. T h is  process, too, 
must increase the pressure of th e  b lood  during  ascents.
A nother im portan t phenom enon, besides th e  two facts a lready stud ied , is 
the contraction  of the blood-vessels in  th e  organs o f th e  abdom inal cavity. 
In  no o ther way can  th e  elevated  pressure o f th e  b lood  be  explained, w hen 
the skin is red  and  persp iration  ab u n d an t as in  ascents. O f necessity  there  
must be less b lood in th e  in ternal organs if the  supply of b lood  in the 
muscles a t w ork is g rea ter an d  the  blood-vessels o f th e  skin a re  d ilated . 
This explains why som e persons w hen they  run  o r walk m uch  suffer from  
nausea and  vom iting. T h e  d is tu rbances p roduced  by fatigue in  th e  digestive 
system due to an anæ m ia o f th e  viscera consequen t on th e  con trac tion  of the 
muscles shall be considered  w ith g reater a tten tio n  further on.
I f  the d ila tation  o f the vessels a t the surface o f th e  body an d  in th e  
muscles becom es too great an d  th e  heart too weak, th e  pressure o f th e  b lood 
dim inishes. T h is  fact was already observed by O ertel, who, on m easuring 
the pressure o f the  b lood  during  an ascent, found  th a t it was g reater half-way 
up the m ountain  an d  less w hen th e  sum m it was reached.
W e have now seen w hat m echanism s com e in to  play in o rder th a t th e  
pressure of th e  b lood m ay be regulated  w hen th e  m uscles a re  in  action . T h e  
peculiar perfection of our organism  consists in  th e  co-operation  o f these 
mechanism s, th e  one m aking  up  for th e  deficiencies o f th e  o thers, w hen w ork 
has d im inished the ir activity.
As ano ther illustration  o f th e  m anner in  w hich the  b lood  circulates in th e  
organism I com m unicate  the  following experim ent perform ed in  my institu te  
by Dr. C olom bo on the 28th  o f F ebruary , 1894. D r. C olom bo was then  
twenty-three years o f age and  w eighed 66 kilogram s. A t 3.45 p.m . h is blood- 
pressure, pulse, b rea th ing  an d  in ternal tem pera tu re  were determ ined . Im m e­
diately afterwards, a t 4 .10  p.m ., he  w ent ten  tim es in  succession u p  an d  dow n 
the stairs o f the  laboratory, 64 in num ber, ho ld ing  in each h an d  a  dum b-bell 
weighing 5 kilogram s. H e  th en  retu rned , pan ting  an d  b a th ed  in perspiration , 
to the room  where we w ere aw aiting him . B lood-pressure an d  tem pera tu re  
were im m ediately m easured, the pulse an d  b rea th ing  counted . T h e  following 
table contains the  resu lts o f these observations w hich were con tinued  for m ore 
than twenty m inutes un til th e  pressure of th e  b lood  an d  th e  ra te  o f b rea th ing  
were norm al once m ore :—
NORM AL VALUES.
Blood-pressure. Pulse. B reath ing . Tem perature.
3.45 p.m . ... 80111111. ... 65 ... 20 ... 37'0°
1 Oertel, Handbuch der Allgemeinen Therapie u n d  Kreislaufstörungen, 1S91, p. 189.
A FT E R  EX ER T IO N .
Blood-pressurc. Pulse. Breathing. Tem perature.
4.25 p.m. 105 mm. 108 37 37*1
4-3°  .. . . .  IOO „ 98 20 37*o
4-35 ». 98 „ 79 18 n
4.40 „ 90 „ 70 16 >»
4-45 » 80 „ 70 17 a
W e see from  this experim ent th a t th e  b rief exercise of going up  an d  dow n 
th e  stairs caused  an  augm enta tion  o f 25 m illim etres o f m ercury in the pressure 
o f th e  blood, th e  norm al p ressure being recovered after th e  space of tw enty 
m inutes.
I t  is a  w onderful perfection of our organism  th a t th e  b lood  flows m ore 
ab u ndan tly  to  fatigued organs. T h e  quan tity  o f b lood  con ta ined  in  ou r body 
am ounting , how ever, to  scarcely 5 litres, all the  vessels con trac t w hen in tense 
work o f b rain  o r m uscles is called  for. T h e  canals in w hich the b lood 
circulates becom e narrow er, th e  velocity o f th e  cu rren t is consequently  
increased  in  th e  organs w hich a re  a t w ork or w hich have worked, th e  activity 
o f these is augm ented  an d  th e  norm al conditions are m ore rapidly  re-established.
T h e  da ta  fu rn ished  by th is last experim ent serve to  m easure th e  surplus 
w ork perform ed by th e  heart during  th e  exercise o f going up  an d  dow n stairs. 
T h e  pressure o f th e  b lood  m easured  in  th e  little  arteries o f th e  fingers is 
certain ly  inferior to  the pressure o f b lood in  th e  heart, b u t up  till th e  p resen t 
tim e we possess no  m ore exact in s trum en t th an  th e  sphygm om anom eter for 
th e  pursuance  o f these researches in m an.
L e t us therefore com pute the surplus w ork of th e  hea rt ; we shall thus see 
in  w hat m anner fatigue o f this organ is p roduced . T h e  left cavity o f the 
hea rt resem bles a  m uscular pouch  a n d  con ta ins 180 cub ic  cen tim etres of 
blood. In  a  s ta te  o f repose every pulsation  o f the  heart forces norm ally 180 
cubic cen tim etres up  to  a  he igh t o f 80 m illim etres of m ercury  ; after the 
exercise u p  an d  dow n th e  stairs, th e  sam e volum e of b lood is forced u p  to  a  
he igh t o f 105 m illim etres.
L e t us suppose th a t the  w eight o f b lood  is equal to th a t o f water. W e 
find th a t before th e  experim ent, in a sta te  o f repose, th e  hea rt perform ed 
work equal to 13*92 kilogram m etres (0*085 x 14 =  r i g o .  1*190 x 0*180 — 
0*2142 x 65 =  13*92).
A fter th e  exertion, th e  hea rt perform s a  doub le  am oun t o f w ork : 28*57 
kilog ram m etres(105 x 14 =  1*470. 1*470 x 0*180 =  0*2646 X 108 =  28*57).
Before th is doub le  am o u n t o f  w ork can be perform ed it is p robable tha t 
th e  heart, as it grows tired, does n o t em pty  itself com pletely. A s yet we 
have no m eans o f rectifying these calculations, b u t it is, a t any rate, certain 
th a t th e  w ork accom plished  by th e  heart is greatly, increased. I f  th e  exercise 
is con tinued , n o t only does it cause fatigue of the  hea rt b u t also a  d ilatation  
o f this organ w hich gives rise to inadequa te  ac tion  although  the valves and  
circulating  appara tus are  in tact. T o  th is state, w hich excessive w ork has 
rendered  pathological, th e  nam e o f overstrain  o f  th e  hea rt has been  given.
V.
N ow  th a t we have exam ined th e  physiological cond itions w hich generate 
fatigue o f th e  heart, le t us re tu rn  to  our observations on M onte  R osa. T h e  
accom panying  figure shows th e  form  an d  position  o f the  h ea rt in  C orporal 
C ento  as de te rm ined  by percussion o f th e  thorax, first, u n d er norm al con­
ditions, an d  then  im m ediately  after a walk over th e  glaciers. T h e  black line
I of Fig. 37 show ing norm al form  an d  position  was traced  on A ugust 7th, 
while we were in  G nifetti H u t. T h e  precise po in t w here th e  apex o f the 
heart beat an d  th e  lim its o f th e  relative an d  abso lu te  ob tusity  were first 
carefully traced w ith a b lue  pencil on th e  thorax, th e  draw ing being  afterw ards 
copied by m eans of tran sp aren t paper. A fter every experim ent th e  tracing  
on the thorax was ru b b ed  out, w ith th e  exception  o f th e  little  line (rep roduced  
in the figures) ind ica ting  th e  u pper rim  o f th e  second  rib, so th a t th e  precise 
dem arcation o f th e  a rea  o f ob tusity  m ight n o t be  influenced, in  subsequen t 
exam inations, by p reconceived  ideas. T h is  exam ination  o f th e  hea rt was 
conducted by Dr. A belli, w hile th e  sub jec t was in  a  sitting  posture, the
of the heart before the ascent. 2. A fter the 
ascent.
F i g . 38.— Solferino (soldier). Position and form of 
the heart : I. In  repose. 2. A fter a  short ascent. 
3. On arriving a t the Regina M argherita H ut.
thorax therefore being vertical. O n the nex t day  C orporal C en to  left the  
encam pm ent near L in ty  H u t, an d  m oun ted  slowly to  G nifetti H u t, carrying 
a weight o f fifteen kilogram s on his shoulders. T h is  is a  sho rt ascen t w ith a 
walk over the g lacier o f th e  d u ra tion  of ab o u t an  hour an d  a  half.
As soon as C en to  arrived a t G nifetti H u t we d e te rm ined  again  the  position  
of the heart, the  ou tline th en  being  as is show n by line 2 o f Fig. 37. A  
comparison of th is ou tline w ith th e  one preceding shows th a t after th is ascen t 
the apex o f th e  heart beat low er dow n, an d  th a t th e  w hole o rgan was slightly 
displaced tow ards th e  right.
Dr. A belli was o f op in ion  th a t C orporal C ento , in  sp ite  o f his robust
appearance, m ust have a heart som ew hat below  th e  average size. T h e  
k icking o f th e  apex of th e  heart against th e  thorax  was felt a t th e  upper rim 
o f the fifth rib. O ne very fine calm  day he perform ed the  jou rney  betw een 
G nifetti and  R eg ina  M argherita  H u t w ith difficulty, a lthough  he had  a  w eight 
o f only ten  kilogram s on his shoulders.
In  stronger m en th e  sinking o f the  hea rt in  consequence o f so incon ­
siderab le  an  ascen t is less m arked  as m ay be seen in  Fig. 38, w hich shows 
th e  m easurem ents taken  by D r. A belli 011 th e  sold ier Solferino. L ine  1 
m arks th e  position  o f th e  hea rt in repose a t G nifetti H u t on A ugust 8th, a t 8 a.m ., 
after a  good n igh t’s rest. T h e  upper rim  of th e  second  rib  to th e  left side o f 
the sternum  is show n here as in  Fig. 37 by th e  sho rt b lack  line a t th e  top  of 
th e  figure. T h e  p o in t o f th e  heart was felt in  th e  sixth in tercostal space. 
A fter Solferino’s re tu rn  to  G nifetti H u t  from th e  encam pm ent near L inty 
H u t, having carried  a  w eight o f only four kilogram s on his back, th e  dull cardiac 
sounds were heard  ra th e r low er down, and  the  p o in t o f th e  heart h ad  also 
slightly sunk, as m ay be  seen by th e  d o tted  line in  Fig. 38. O n A ugust 18th 
he arrived a t th e  R egina M argherita ' H u t w ithout any load. L ine 3, 
Fig. 38, shows the form  o f the heart after th is ascent. T h e  volum e is 
augm ented , th e  transverse d iam eter is g reater an d  th e  apex is h igher up.
T h e  upw ard d isp lacem ent o f th e  hea rt inclined  us to  th ink  th a t a d istension 
o f th e  gases o f stom ach  an d  in testines due  to  th e  d im in ished  barom etric  
p ressure had  forced th e  d iaphragm  upw ards. T h e  observation  in  T u rin  o f 
th e  sam e rising o f the hea rt in consequence  o f fatigue show ed th e  supposition  
to be incorrect.
I t  is an  old hypothesis th a t m ountain-sickness arises from  an  expansion 
of th e  gases o f th e  abdom inal cavity, a n d  th a t these  gases im pede the  b reath ing  
by raising  th e  d iaphragm . W ith  a view to  ascerta in ing  w hether th is hypothesis 
was correct, I  took  a num ber of m easurem ents an d  found th a t a t an  a ltitude  
o f 2,000 m etres, th e  circum ference of th e  abdom en  h ad  n o t a lte red  even by 
a  m illim etre. In  th e  persons on w hom  I  m ade these m easurem ents the 
m uscles o f th e  abdom inal walls were w ell-developed. I  do  n o t deny th a t in 
those individuals in  w hom  th e  walls are  less resistan t a  slight expansion m ay 
be produced , b u t it will certain ly  never be so p ronounced  as to  force d iaphragm  
a n d  heart upw ards an d  to  im pede th e  breath ing .
T h e  observation  m ade on C orporal C ento  is instructive in th is respect, 
because betw een L in ty  an d  G nifetti H u t the  difference o f level is o f 600 
m etres (3,047 to 3,620 m e tre s ) ; an d  Fig. 37 shows plain ly  th a t th e  h ea rt has 
sunk. T h is  is due  to  the  d ila ta tion  o f th e  heart. T h is  organ contains a 
greater quan tity  o f b lood, because its walls are m ore relaxed, an d  probably  is 
n o t ab le  to  em pty  itself com pletely  in  its con tractions, an d  on th is accoun t 
sinks lower.
A t R eg ina  M argherita  H u t D r. A belli found  th a t in  S arteur, on w hom  he 
m ade a  series o f exact m easurem ents, th e  transverse d iam eter o f th e  heart 
was likewise augm ented , an d  th a t th e  apex o f the  h ea rt rose after th e  ascen t 
from  G nifetti H u t.
W e shall presen tly  see th a t fatigue of the  heart is one of the m ost w eighty 
factors in  m ountain-sickness.
V I.
I  have already said th a t w hen we stop during  ascents, ou r cond ition  does 
n o t a t once im prove, an d  often grows worse. L e t us now investigate m ore 
carefully w hat takes p lace in  the  heart a fter an ascent.
T h e  soldier C ham ois s ta rted  on A ugust 10, 1894, from  Iv rea  w ith o thers 
of the party. W hen they  arrived a t P o n t St. M artin  they  co n tinued  the 
journey on foot, slep t the  n igh t a t G ressoney, an d  arrived a t G nifetti H u t a t
5.30 p.m. on  A ugust n t h .  C ham ois slep t little, p robab ly  owing to  digestive 
d isturbances. W hen he  arrived  a t G nifetti H u t he felt a  p rick ing  pain  a t the 
base of the lung, a t th e  left side w hen b rea th ing  inw ards. O n th e  12th at
5.30 a.m . he  left w ith th e  others, qu ite  resto red  a n d  carry ing  on his back  a  
load of 16 kilogram s. W hen th e  party  arrived  below  G nifetti Peak, C ham ois 
was suddenly  seized w ith g rea t tiredness in th e  legs. T h o se  o f th e  expedition  
who had  com e dow n to  m eet them  a t th e  foot o f peak  relieved h im  o f his 
load. H e  arrived a t th e  R egina M argherita H u t a t 9.12 a.m ., a n d  com plained 
of feeling very cold, b u t o f no th ing  else. H e  lay dow n a t once. H is  pulse 
was so feeble th a t I  had  to  co u n t it on  the  artery  o f the  neck, as it was 
im possible to  do  so a t th e  wrist.
Pulse. Breathing. Temperature.
9 .2 0  a.m . 109 27 ... 37-8”
9-30 „ 106 22 37'2°
9-45 » 106 21 37'2°
I I . 10 ,, 116 21 371 °
5 .30  p.m . 108 22 3 6 9 °
I observed a  sim ilar augm enta tion  o f the  pu lse  in  o th e r persons, b u t no t 
in all ; it is due, I th ink , to  fatigue o f th e  heart.
T h e  last clim b up  to  R egina M argherita  H u t is very fatiguing. N o t­
w ithstanding this, th e  frequency of the pulse in  th e  m any persons w hom  I 
exam ined never reached  the  166 pulsations, w hich was th e  m axim um  found 
by Jaq u e t an d  C hris t a fter w ork w ith the e rg o s ta t1 o f only fifteen o r tw enty 
m inutes’ du ration . I  a ttrib u te  th is difference to  th e  g rea ter fatigue o f the 
cardiac m uscle, w hich is p roduced  by th e  tiring  m arch  over th e  glaciers of 
M onte R osa. W hen  L o rte t ascended  th e  last part o f M on t B lanc he  coun ted  
160 pulsations. I  never m et w ith this m axim um  a t th e  a ltitude  o f 4 ,560 
metres. T h is  shows how com plica ted  these  stud ies are . I t  is o f little  use 
to feel th e  pulse unless one takes carefully in to  accoun t th e  cond itions and  
num erous factors w hich m odify th e  ac tion  o f th e  heart a n d  blood-vessels.
W hen Saussure perform ed the  ascen t o f M on t C enis in 1787 he  coun ted  
the pulse in  h is two com panions, first on the sum m it an d  afterw ards a t the 
M ont C enis post-office. O n the top  he  m ade h is observations after two hours 
of repose ; below, im m ediately  after th e  arrival, an d  found  th a t in one com panion  
the pulse was less frequent on th e  sum m it than  below, w hile in th e  o th e r it 
was in b o th  p laces the  sam e. Z um stein , w hen on th e  V incen t Pyram id, 
counted 77 pulse-beats per m inu te  in one o f his com panions, a  hunter, who 
had been feeling unwell, w hile in h im self th e  pulsations am oun ted  to 101, in 
V incent to  80, an d  in a guide to 104 per m inute . A ccord ing  to  Saussure, 
those who suffered from m ountain-sickness on M on t C enis had  a  m ore rapid  
pulse, w hereas accord ing  to  Z um stein’s observations th e  pulse was in  these 
cases slower.
I have dw elt on these  early observations, as they ind ica te  so p lain ly  the 
difficulty o f th e  subject. E ven  now, a  cen tu ry  later, these ind iv idual differences 
are still bu t little  explained.
1 H . Christ, Ueber den Einfluss der Muskelarbeit a u f  die Herzthdtigkeit. Leipzig, 
1 8 9 4 , P ' 16.
V II.
In  th e  accounts o f bicycle-races we often read  of som e com petito r having 
fain ted . A rthu r L in to n  fain ted  during  th e  race B ordeaux-Paris, b u t recovered 
an d  arrived  th e  first a t th e  goal. O thers fain t w hen they  stop to  sign the 
registers a long the road : they recover after a  few m inu tes an d  th en  go on 
the ir way. I t  w ould seem  th a t repose instead  o f im proving, aggravates the 
cond itions o f the  heart.
In  o rder to  ascerta in  th e  changes w hich th e  pressure o f th e  b lood  u nder­
goes w hen a m arch  has been  perform ed, I  m ade a  series o f experim ents on 
soldiers. O f these  experim ents I  com m unicate  one in  detail :
O n Ju ly  io th , Jan e tti, a  so ld ier from  B usto  Arsizio, left th e  laboratory  a t 
6.25 a.m ., after breakfasting, for B araccone on th e  R ivoli road, w hich is a t a  
d istance of 9 k ilom etres from  T urin . H is  pulse was th en  beating  a t th e  rate 
o f 80 to  th e  m inute, th e  ra te  o f b rea th ing  being 16 per m inute . P ressure of 
th e  b lood  m easured w ith the  sphygm om anom eter, 80 m illim etres o f m ercury. 
H e  carried  arm s an d  baggage, and  these  w ith his c lo th ing  gave a w eight of 
ab o u t 22 kilogram s. As th e  w eather was warm, h e  was to ld  to  w alk in  the 
shade of th e  great elm s w hich b o rder th e  road.
A t 11.47 a.m . he had  re tu rned  from  B araccone. Pulse, 102. B reathing, 
20. B lood-pressure, 100 m illim etres o f m ercury. H e  rested , lunched , and  
sta rted  again a t 2 p .m . to  repeat th e  m arch.
H e  re tu rn ed  a t 7 p.m . T h e  pulse, on h is arrival, b eat 126 tim es in  th e  
m inute. I  in troduced  his fingers in to  th e  stalls o f th e  sphygm om anom eter and  
found  th a t th e  pressure oscillated  betw een 76 a n d  80 mm . Jan e tti was no t 
standing  still, he  kep t resting  h is body  first on one leg a n d  th en  on th e  other. 
As th is restlessness m oved th e  fingers an d  m ade it difficult to de term ine  w ith 
accuracy th e  pressure o f th e  blood, I  begged him  to  s tand  still. Suddenly  
th e  p ressure d im in ished . I  looked  first a t his fingers b u t found  th a t the ir 
position  was no t altered . J a n e tti th en  to ld  m e th a t he  felt unw ell ; I  looked 
a t h im  an d  saw th a t he  was pale an d  th a t he  was leaning his head  on his 
shoulder. I  saw th a t he  was fain ting  an d  im m ediately  released his fingers. 
T h e  pressure h ad  sunk  to 50 m illim etres. W e assisted  h im  to  bed, supporting  
him  u n d er the arm s an d  th en  gave h im  som e fresh w ater to  drink . Shortly  
afterw ards he  had  som ew hat recovered. I  then  m easured  th e  p ressure again 
w hich am oun ted  to  only 75 m illim etres. T h e  pulse was 106. A t 7.28 p.m ., 
ab o u t tw enty m inutes, th a t is, after the  fainting-fit, h e  was perfectly well 
again.
T h e  im portance o f th is experim ent lies in  th e  observation  of th e  change 
in  th e  pressure o f th e  b lood  during  a  fainting-fit. T h e  sub jec t d id  no t 
com pletely  lose consciousness, except perhaps in  th e  m om ent in  w hich we 
la id  him  on  th e  bed . T h e  pu lse  grew som ew hat slower im m ediately  before 
th e  swoon. U nfortunate ly  I had  no t th is tim e registered  th e  pressure on the 
sm oked  cylinder as I  nearly  always do.
T h e  d im inu tion  o f th e  b lood-pressure on th e  second  re tu rn  from  
B araccone after the  sub jec t had  w alked 36 kilom etres, is th e  m ost ev ident 
sym ptom  o f th e  fatigue o f  th e  heart, th e  beating  o f w hich was accelerated , the 
pulsations am oun ting  to  126 per m inute, b u t w hich lacked  energy nevertheless 
to  keep  up  the  pressure o f th e  blood.
T o  the  reader w hose ind ignation  may possibly have been  aroused  by 
read ing  th is second  accoun t o f a fainting-fit, I  owe the explanation  th a t for 
m any years I  have been  conducting  researches on fatigue. Professor V.
Aducco, Professor M aggiora an d  my b ro ther, had  a t the ir disposal whole 
com panies o f soldiers w ho perform ed forced m arches. I t  is therefore  no t 
to  be w ondered a t if in  the course of these stud ies som e cases o f ind isp o si­
tion occurred . M y b ro th er an d  P rofessor M aggiora often w alked till they 
were u tterly  exhausted  an d  livid m arks appeared  on th e ir legs. I  m ention  
this as a  testim ony to  th e  en thusiasm  an d  abnegation  w ith w hich these 
researches were carried  on.
T hese stud ies o f the  phenom ena resu lting  from  forced m arches, an d  the 
experim ents m ade on the soldiers o f ou r expedition  before th e  ascen t was 
begun, enab le  m e to assert th a t an  iden tical degree o f fatigue in  the m oun ta ins 
and in the plain produces in th e  form er instance  m ore serious ph en o m en a  of 
cardiac fatigue th an  in the  latter.
V I I I .
W hen th e  walls o f th e  blood-vessels are  no t perfectly  elastic  as in  o ld  and  
som etim es in  young people (in whom, one m ay say, th e  arteries have becom e 
prem aturely aged), fatigue causes still m ore serious circulatory  d isturbances. 
In order to  form an idea o f the  in jurious effect w hich th e  h a rden ing  and  
dim inished elasticity  o f th e  arteria l walls have on th e  hea rt we need  only 
think of th e  pneum atic  tubes o f th e  bicycle. T h e  im portance  o f this 
invention consists in th e  d im inu tion  o f th e  friction  a n d  th e  deaden ing  
of the concussion to w hich the bicycle is sub jec ted  on  its course. T hese  
elastic tubes are  now also app lied  to carriages, an d  it has been  found  th a t 
their use lessens the work o f th e  horses by one-third. T h e  h ea rt in  th e  old 
may be com pared  to  a  m an rid ing a  bicycle o f w hich th e  pneum atic  tubes 
are no longer intact.
T h is explains th e  c ircum stances w hich I  have often had  occasion to 
observe, th a t a  walk on th e  m ountains, even though  n o t very fatiguing, 
produces irregularities in the  card iac rhy thm  o f persons in w hom  the 
arterial walls are  no t perfectly elastic. T h ese  irregularities m ay last for 
three days, and  are  accom panied  by a sense o f p rostra tion  w hich only 
slowly disappears.
Even in healthy  persons v io len t exertion  p roduces irregularities o f th e  
pulse. D uring  my sojourn  on M onte  R osa  I  no ticed  th a t in  nearly  all, 
the m arches over th e  glacier caused  a  slight irregularity  in  the  beating  of 
the heart.
In  the guides I often found  th e  pulse  to be  irregular an d  th is even in  the 
strongest persons, Z urbriggen, for instance.
T he  preced ing  observations explain why am ongst m oun ta ineers disease 
of the heart is m uch  m ore frequen t than  in  the  plain, a n d  why th ere  is a 
greater percentage of m en than  w om en who suffer from it. In  my journeys 
through the A lps I  have often ta lked  w ith the physicians on th e  F ren ch  and  
Swiss as well as on the  Ita lian  side on th is sub ject, an d  was invariably  
informed th a t th e  old people  in  th e  m oun ta ins nearly  all d ie o f heart 
disease.
A certain  degree o f developm ent o f the  heart above the  average size is 
necessary, an d  therefore we ought no t to  sh rink  from exertion, for only th rough  
exercise can this supernorm al developm ent be effected.
T his is very apparen t in  th e  horse. C om peten t au tho rities  affirm th a t 
the norm al w eight o f the heart in a horse o f ord inary  b reed  is 3 to  4 
kilograms ; w hereas th e  heart o f a  racehorse w eighs on th e  average from
5 to  6 kilogram s. In  consequence o f th e  excessive an d  con tinuous w ork o f 
th e  races, th e  h ea rt o f an  E nglish  th o roughb red  m ay even a tta in  th e  w eight 
o f 8 kilogram s, w ithout any  circulatory  d is tu rbance  resu lting  from  a  degree o f 
hypertrophy  such  th a t the  w eight o f th e  hea rt has becom e doubled.
So far as I  know, no  investigations have been  m ade on th e  variations in 
th e  w eight o f th e  hea rt in  different regions, b u t the  exertions perform ed by 
m oun taineers convince m e th a t th e ir hearts m ust even in  you th  be  m uch 
m ore developed  th an  those  o f th e  populations o f th e  plain.
Shepherds’ cottages on M onte Rosa.
C H A P T E R  V I
A C C ID E N T S  C A U S E D  BY E X C E S S IV E  F A T IG U E  A N D  N E R V O U S  E X H A U S T IO N
I.
TH E R E  is only one k in d  o f fatigue— nervous fatigue. T h is  is th e  sole type, from  w hich all form s o f  exhaustion  derive, w hen th e  activity  o f  the organism  passes th e  physiological lim its.
I  have already  stud ied  th is question  in  m y book  L a  F atica . T h e  sub jec t 
is inexhaustible an d  will always lend  itself to  new  researches. W e m ust, first 
of all, d istinguish  fatigue from  lassitude. W e all know  w hat fatigue is. I t  is 
a vague sensation  w hich we canno t define, still less express its different degrees 
in words. T o  th a t m inor feeling o f fatigue, w hich lasts after we have rested, 
we give th e  nam e of lassitude.
Lassitude seizes us som etim es w ithout any  p reced ing  w ork o f b ra in  o r 
muscles, a  phenom enon  observab le  m ore especially in th e  hysterical an d  in  
persons o f great nervous excitability. F avourab le  an d  unfavourab le  m oods, 
good or bad  tem per, o f w hich we so often  speak, are  n o t a  caprice o f th e  
organism, bu t arise, like good an d  b ad  w eather, from  n a tu ra l causes, a n d  
trouble the atm osphere  o f th e  nervous system .
O ne of th e  p robab le  causes o f these changes tak ing  p lace in  us, I 
believe to have found in  studying  th e  tem pera tu re  o f th e  b ra in  in  m an. A  
young girl called  D elfina P arod i, h ad  a  w ound  in  th e  tem ple  a t th e  left side
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o f  th e  forehead w hich p ene tra ted  the skull. W hen it was healed  an  opening 
rem ained  in  th e  bone th rough  w hich I was ab le  to  in troduce  a therm om eter 
in to  th e  Sylvian fissure (a deep  part o f the  brain  an d  th e  m ost im portan t for 
th e  study  of psychic ph en o m en a ).1 T h is  was th e  first tim e th a t a  physiologist 
was ab le  to  exam ine, w ith such exactitude, th e  tem pera tu re  o f th e  hum an  brain.
T h e  resu lt o f these re sea rch es2 was the conclusion  th a t there are two 
causes o f the  developm ent o f hea t in the  brain. O ne is psychic activity, th a t 
is, th e  chem ical w ork necessary for the m ain tenance  o f consciousness ; the  
o th e r is the  nu trition  an d  denu trition  o f the  brain  w hich ac t independen tly  
o f  th e  functions of th e  in telligence and  o f m ovem ent. I  have given the nam e 
o f  conflagrations to  those augm enta tions of tem pera tu re  w hich I  observed 
d u rin g  sleep u n troub led  by dream s, in th e  s ta te  o f repose an d  com plete 
unconsciousness.
I  was ab le  to  m easure w ith the therm om eter th e  in tensity  o f the consum p­
tio n  o f energy w hich takes p lace in  th e  brain  w ithout transform ing itself in to  
a  sensation  or a  thought. “  C an  th e  brain  then  work idly ? ” it may be asked. 
I  answ er, “  Y es.” I t  is a  serious affirm ation b u t it is based  on w hat I  observed 
w hile the sub ject slept o r was u nder th e  influence o f absin the . In  o rder th a t 
th e  reader m ay u n d ers tan d  this in ternal dissociation  and  increased  rapidity  of 
assim ila tion  I suggest the  analogy o f a  w atch in  w hich th e  w ound-up spring 
runs w ithout tu rn ing  the  poin ters. T h is  com parison gives an  idea  o f th is 
nervous energy lost in  the  brain  w ithout the index o f th e  in ternal sensations 
show ing th a t a  transform ation  has taken  place in the  organ o f consciousness.
O f late years physicians have rightly a ttr ib u ted  great im portance to  dream s 
a s  a  cause o f lassitude. T issié  gave great a tten tion  to th is study an d  show ed 
th a t certain  apparen tly  acciden tal pathological phenom ena w hich appear in 
th e  hysterical, arise from the  fatigue of th e  brain  caused by dream s.
T h is  is n o t th e  k ind  o f fatigue o f w hich I here  wish to  treat. T h e  confla­
g ra tion  is a  dissociative process, a  consum ption  of energy depend ing  on 
processes o th er th an  the physiological ones of though t and  m otion. I 
m en tion  these facts in  o rder to  convince the reader th a t ou r senses are 
im perfec t a n d  lim ited, an d  th a t we lack  a  special sense to  w arn us and , so to 
say, to  con tro l the loss o f energy in every nervous action.
F o r anim als an d  for m en living in  natu ra l conditions, it is certain ly  an 
advan tage  no t to  be m olested  by a  sense o f  th e  losses o f energy continually  
undergone in  the  struggle for life. O ur m achine is so constructed  th a t fatigue 
stops us only shortly  before th e  scale loses its equilib rium . T h e  pain w hich 
accom panies fatigue is like a  safety-valve w hich only opens to  em it th e  alarm - 
w histle : till th a t m om ent we m ay w ork on und istu rbed . U nfortunately , as 
we shall shortly  see, th is safety-valve does no t ac t always an d  equally  well in 
a ll m en. So long as it was believed th a t an  ac t o f th e  will was som ething 
im m aterial, it was lawful to  th ink  th a t it passed, leaving no trace on the m atter 
o f  th e  organism , b u t now all a re  convinced th a t th ink ing  or sensing too m uch 
m ay alone p roduce  nervous exhaustion. E very voluntary  ac t is th e  effect of 
a n  in ternal com bustion  which, together w ith the residua o f th e  substances 
destroyed , leaves beh ind  it, as it were, a  long tra in  o f soo t in  th e  organism .
In  my book L a  F atica  I  have show n th a t every ac t o f the will, even that, 
merely, o f forcibly clenching th e  h an d  is always accom pan ied  by central 
fatigue ; th a t th is contrac tion  of th e  m uscles occasions a  consum ption  of
1 T he therm om eter which I made use o f m arked the thousandth part o f a degree.
2 A. Mosso, La temperatura del cervello. T reves, M ilano, 1894. Die Temperatur des 
Gehirnes, Leipzig, 1894, S. 86.
force in th e  brain, and  tha t a  certa in  tim e is necessary for th is organ to  regain 
its form er s ta te  and  strength .
M ountain-clim bing, bicycle races, boat-races, all th e  various sports, all the 
m ore serious exertions o f w orking-m en, all the  in tellectual toil o f th e  studen t, 
are iden tical in the ir na tu re  : they are  no th ing  else th an  fatigue of th e  nervous 
system.
G eneral ideas have th is advantage, th a t they draw  together th ings w hich 
seem ed far apart, th a t they find connecting  links betw een diverse phenom ena. 
T he  w ork o f science is precisely th is : to g roup  together u n d er th e  sam e law 
the greatest possib le num ber o f phenom ena.
I I .
In  m ountain-clim bing th e  one who is a t th e  fore-end of the rope suffers 
sooner an d  m ore from  fatigue than  those  who are  beh ind  h im . I t  m ay be 
thought th a t this is owing to  th e  g rea ter m echanical work perform ed by the 
pioneer, w ho m ust p lunge th rough  the  snow, w hile th e  o thers follow in his 
footsteps, cu t steps in the  ice, rem ove obstacles, etc. B ut th is does no t 
suffice. E ven  on th e  M atterho rn  a n d  -on  m oun ta in s w here there  is n e ither 
snow nor ice, the  forem ost m an feels m ore fatigued th an  th e  o thers.
T hose  who perform ed th e  first ascen t o f M ont Blanc, M onte  R osa, or 
o ther m ountains, suffered m uch  m ore th an  those  w ho cam e after them , because 
in them  th e  nervous fatigue was greater.
I t  is a tten tion  w hich tires us. Few bodily  exercises fatigue so m uch  as 
fencing, because in no o th er is the  effort o f a tten tio n  greater.
I  rem em ber th a t we once lost ou r way on a  glacier. O ne of th e  party  
unroped  in o rder to  explore th e  crevasses round  abou t, re tu rn ing  afterw ards 
to show us th e  right road. H e  w ent forwards boldly, alone. T h is  was our 
first a ttem p t to  p roceed  w ithout a  guide on th e  glacier. W e w alked on for a 
few m inutes, then  one o f our band  stopped , declaring  th a t he had  no strength  
to go further, no t because he was tired , b u t from  the em otion  he  felt a t seeing 
our com rade walking on in front un roped , hopelessly lost shou ld  his foot slip. 
Even before he  spoke I had  noticed, for I  cam e nex t to  him  in th e  line, th a t 
he was no t w alking so well as a t first an d  had  felt som e apprehension  as we 
were on a  slope. T h is  was a nervous effect o f his anxiety ; as soon as the 
line was re-form ed his m uscles regained  the ir streng th  an d  certain ty  o f 
m ovem ent.
In  th is case it was the  fear for an o th e r w hich caused  fatigue, b u t m uch 
m ore frequently  it is th e  fear for ou r own safety w hich influences us. In  
ascents w hen the rope is a  h indrance, because th e  way leads over stony 
ground, the novices im m ediately  suffer m ore from fatigue, owing to  th e  feeling 
of being alone, w ithout a  gu ide an d  w ithout support. A t o ther tim es even 
stronger clim bers recognise th e  effects o f fear in the  fatigue they  feel ; as, for 
instance, w hen all have unroped, because o f the difficulty of c lam bering  in 
any o ther way round  steep  and  uniform  walls o f rock, w hen th e  false step  o f 
one would inevitably drag  th e  o thers to the ir doom .
A very ev ident case o f exhaustion  arising from fear cam e u n d er my notice  
at Breuil, where th e  M atterho rn  is, as it were, the  touchstone  of m oun tain  
climbers. A  very strong  porter, who h ad  m ade several ascen ts o f  M onte 
Rosa and  th e  B reithorn , having c lim bed  h a lf up  th e  M atterhorn , was unab le  
to go farther. H e  to ld  me th a t he  was qu ite  well and  th a t he was aston ished  
at not being ab le  to proceed, no t feeling sure o f e ither hands o r feet.
In  order to u nders tand  th e  nervous fatigue in m ountain-clim bing, we m ust 
rem em ber th a t th is form  of m ovem ent m ust no t be com pared  to  th a t per­
form ed w hen we walk along a good road  with only gen tle  ascen ts an d  descents, 
w hen we m ay even read  w ithout th ink ing  o f the  w ork of ou r legs.
In  an  ascen t we find again the  two fundam enta l e lem ents o f every volun­
tary act. F irs t selection, an d  then  decision. T h is  w ork is repea ted  a t every 
step  w hen th e  way becom es difficult. A fter th e  nervous w ork of choosing 
w here to  place hand  or foot, com es the decision to  accom plish  th e  proposed 
m ovem ent an d  th en  the nervous effort o f its execution.
W ork o f th is k ind  w ould soon exhaust us if voluntary  acts h ad  no t in  us 
the  tendency  to  becom e autom atic. T h a t nervous processes ten d  to becom e 
m echanical is a  happy disposition  w hich perm its o f a  g reat econom y of 
nervous force. T h e  superior office is, so to  speak, in  the  upper storey, in 
the  cerebral cortex a t the surface o f th e  convolutions : here  th e  m ore difficult 
decisions are  taken. W hen som e work m ust be accom plished  several tim es 
in succession, th e  business is gradually  transferred  to  th e  low er floor, where 
involuntary  acts are  effected by prom pter m eans an d  w ith a  lesser consum ption  
o f energy.
O nly in  th is way can we u nders tand  why nervous w ork such as th a t of 
w alking fatigues us so little, w hile exclusive brain-w ork has so m uch  exhausted  
us after one hou r th a t we are  unab le  to  con tinue. E ven  th e  g reatest and  
m ost prolific writers, as, for instance, Zola, only write for one h o u r with 
perfect vigour. T h e  m ind  then  becom es less active an d  th e  w ork toilsom e. 
F rom  a m edico-psychological inquiry  recen tly  m ade by D r. T ou louse  of 
Paris, it appears th a t Zola, who has w ritten  so m any volum es, is absolutely  
incapable o f con tinu ing  th e  w ork o f p roduc tion  after th ree  hou rs’ application .
M any th in k  th a t th e  pacem aker in bicycle-races is o f use because he 
breaks th e  air, d im inishing in  it th e  resistance for th e  one  who com es after 
him , p reparing  a  furrow  for him , as it were. T h is  is n o t th e  principal 
advantage, becausè th e  d is tance  betw een the  pacem aker an d  his follower is 
often so g rea t th a t it is nullified. T h e  useful effect is th a t th e  la tte r is saved 
th e  expend itu re  o f all th a t nervous energy w hich w ould o therw ise be  lost in 
th e  work of a tten tion .
I I I .
A ll those who have taken  long walks or c lim bed  m ounta ins will have 
no ticed  th a t they  walk m ore easily after h a lf  an  h o u r or an hour. T h e  sam e 
th ing  happens w hen we ride th e  bicycle or w hen we sit dow n to ou r desk  to 
w rite o r study. T h is  is due to  an  excitem ent p roduced  in  th e  nervous system  
by m otion.
O ur body resem bles those com plicated , heavy m achines w hich requ ire  a 
certain  tim e to be  p u t in to  m otion, and , again, a  space o f tim e before they 
can be stopped. T h is  s ta te  o f excitem en t is useful so long as it rem ains 
w ithin physiological lim its. W hen  the  m an o f le tters has “ w arm ed to  his 
sub ject ” he  w orks better. T h e  slight em otion  of the nervous system  w hich 
is o f advantage in w ork o f th e  im agination, m ay be genera ted  by easy m uscular 
exercise. B ut once th e  inertia  o f the  nervous system  has been  overcom e, 
long pauses are no t favourable to  work.
In ac tion  an d  repose are fatal in m ountain-clim bing. T h e  c lim ber who 
works, cuts steps, w hile th e  co ld  w ind is blowing, is always stronger an d  m ore 
courageous than  th e  com rade beh ind  him  w ho stands w aiting to take  a step 
forwards. T h e  will is here  of little  use ; th e  m achine m ust be k ep t warm, so

th a t the pressure o f  th e  b lood  m ay no t sink below th a t level a t w hich 
discouragem ent and  m uscular w eakness befall us.
Professor K raepelin  recently  show ed th a t a  m an  who w orks for ha lf an  
ho u r an d  th en  rests for h a lf an hour o r an hour, only succeeds once, after the 
first pause, in  regaining his original m ental vigour ; a  repetition  of th e  pause 
increases fatigue an d  th e  d isposition  to  work d im in ishes rapidly.
I t  is true, therefore, th a t a  slight degree o f exhaustion  is occasioned  by 
every expenditure  o f activity  o f th e  nervous system . T h is  fact passes 
unobserved  in  robust persons ; only th e  weak notice it. A ny one who 
atten tively  stud ies h im self will, however, im m ediately  becom e aw are of the 
d im inu tion  o f energy an d  of th e  slow increase of fatigue. I  myself, for 
instance, notice every year th a t I  offer m ore resistance to  in tellectual labou r 
after th e  rest and  recreation  o f th e  vacation. T h e  fatigue produced  by an  equal 
am o u n t o f work d isappears sooner a t the  beginning than  a t the  end  of the 
scholastic  year. .T h e  daily occupations o f th e  laboratory, th e  delivering o f 
lectures, the m ore restless life in town, exhaust all exuberan t strength .
W e no tice am ongst all peoples th a t work is in te rrup ted  from  lim e to 
tim e ; th e  reason of th is is th a t there  are  m any w ho feel th e  need  o f a  short 
pause so th a t the ir nervous system  m ay recover. T h e  repose o f th e  Sunday 
is ind ispensable, because th e  daily rest and  sleep th roughou t th e  week do  no t 
suffice to m ake good th e  losses o f energy incurred.
T h e  first investigations m ade on  m an  with the ob jec t o f learn ing  w hat 
leng th  o f tim e is necessary for b rain  an d  m uscles to  regain th e ir strength 
after a  certain  am oun t o f work, were begun in  my in s titu te  by Professor 
M aggiora, who found th a t th e  periods of repose m ust be  th ree  o r four tim es 
longer than  the periods o f work, an d  th a t th e  efforts w hich we m ake w hen we 
a re  tired, fatigue us m uch  m ore th an  equal efforts perform ed w hen we are 
rested. T h a t work, even though  light, w hich dem ands prolonged  atten tion , 
causes the g reatest exhaustion  o f th e  nervous system . Instinctively  m en 
avoid such work, preferring  an apparen tly  m ore fatiguing m anual labour, 
which, however, dem ands less in tellectual effort.
K raepelin  1 has show n th a t th e  effects o f a n igh t spen t in study are  long 
felt, th e  m ind  only recovering its form er vigour after four days.
N ervous fatigue is no t only an  exhaustion  b u t also a poisoning. A fter the 
consum ption  o f an am o u n t o f nervous energy, scorire con tam ina te  th e  tissues 
an d  give rise to  the  disagreeable feeling o f fatigue. T h e  organism  requires 
after a tim e an  in terval o f repose, in  o rder to  retrieve its losses an d  cleanse 
the tissues from th e  slag of the  w ork perform ed.
C hom el, one o f th e  g reatest o f F rench  physicians, relates th a t one day a 
youth  cam e to  th e  hosp ital in a  s ta te  o f feverish prostration . C hom el ex­
am ined  him  carefully, an d  th en  w rote th is diagnosis on the  tab le t a t th e  head  
of his bed  :—
Typhus or incipient sm all-pox.
T h is  boy h ad  com e on  foot in  two days from C om piègne to  Paris, an d  
feeling h im self exhausted , h ad  p resen ted  h im self for adm ittance  to  the 
hospital. T h e  day after, to  C hom el’s g reat aston ishm en t, th e  fever had  
left him , an d  after two days’ rest th e  patien t h ad  com pletely recovered his 
strength .
1 K raepelin, Hygiene der Arbeit, p. iS.
IV .
Physical fatigue m ay occasion an  exaltation  in th e  sam e way as m ental 
fatigue generates hallucinations. W e notice th e  first stage in th e  difficulty we 
have to  fall asleep after a  day of hard  work.
G reat w orkers do  no t w rite a t night, ra th er m ay we say th a t they ex­
tinguish  th e  fire in  th e  m achine a t sunset. T h e  pressure o f th e  b lood  
gradually  dim inishes, an d  sleep is rendered  possible.
If, som etim es, after in tellectual o r m uscu lar w ork we seem  to feel our­
selves stronger, we m ust rem em ber th a t this is an  illusion arising  solely from 
an artificial excitem ent, from an  incip ien t nervous inebriation , so to  say.
O n storm y days, w hen the  w hirling snow rendered  the  ascen t m ore 
toilsom e, guides a n d  clim bers arrived a t th e  R egina M argherita  H u t  in so  
excited a  condition , th a t they  appeared  to  be drunk . T h ey  ta lked  in  a  loud  
ag ita ted  voice, then  grew quiet, assum ing  a  behav iour so different to tha t 
custom ary w ith them  th a t th e ir character seem ed to  have undergone a  
change.
O n the o th er hand  I  have tw ice seen persons en te r th e  h u t in  an  
extrem ely fatigued condition , sit dow n, and  then , after a  few m inu tes during  
w hich we len t them  assistance, rouse them selves as from  a  dream , looking 
a round  them  and  only becom ing fully aw are a t th a t m om ent th a t they  w ere 
with us. I thought a t first th a t the  extrem e fatigue p reven ted  them  from 
noticing the ir surroundings ; bu t one of them  to ld  m e th a t on en tering  th e  
hu t he really could  no t see well, an d  begged m e to  exam ine his eyes as he 
was afraid the frost h ad  affected his vision. A  snow storm  was raging th a t 
day. W hen this m an arrived a t  th e  h u t he was unrecognisab le  ; I  saw him  
fall dow n before the do o r like a  m ass o f snow, so w hite w ere h is clo thes 
w ith ice and  rime. H is  ha ir an d  beard  were full o f icicles.
O n M onte R osa I saw a colleague of m ine caper ab o u t in th e  snow, 
throw  h im self dow n on his back  w ith ou tsp read  arm s, laughing an d  talk ing 
in a m anner so different from his usual serious behaviour, th a t we were all 
in anxiety on his accoun t, as we knew  th a t he  h ad  no t d ru n k  anything.
R em ercier rela tes in the preface to Z sigm ondy’s book  th a t h e  saw two 
E nglishm en fall on the ir knees on th e  sum m it o f M ont B lanc, an d  sing w ith 
a  loud voice : “  G od save the  Q u een .” 1 P iachaud  tells o f m ountain-clim bers 
who, having reached  the top  o f M ont B lanc, began to  shed tears.
T h a t the  con trac tion  o f th e  m uscles is n o t necessary to  p roduce all th e  
characteristic phenom ena of fatigue is seen in th e  p rofound  em otions, a n d  in 
th e  exhaustion  o f th e  nervous system  caused  by volup tuous en joym ent. T h e  
tem porary  excitem ent during  th e  first period  h ides the  effects o f fatigue w hich 
reassert them selves on th e  day following.
Every  prolonged effort produces a  slight degree o f exaltation, even in th e  
m ost robust m en. F é ré  b e liev e s2 th a t excessive fatigue causes a ttacks o f  
instan taneous m adness in the degenerate, the  epilep tic  an d  the  hysterical.
In  May, 1894, there  was in Ita ly  the first na tional resistance race 
prom oted  by th e  C yclists’ U n ion . T h e  route, 530 k ilom etres in  length, 
began a t M ilan, passed th rough  B rescia, M antua, Reggio, Piacenza, 
A lessandria, an d  ended  a t T u rin . I  h ad  here  an  opportun ity  o f observing 
the effects o f g reat fatigue, so I  undertook  w ith som e of m y colleagues to  
receive the com petito rs on the ir arrival in T u rin . A t th e  C yclists’ C lub ,
1 E . Zsigmondy, Les dangers dans la montagne. Paris, 1886.
2 F éré . Comptes rendus de la Société de Biologie, 1S92.
room s, beds, baths, show er-baths had  been  prepared, also  everything neces­
sary for the  perform ance of massage. T h e  two first who arrived, having accom ­
plished  530 kilom etres in  tw enty-seven hours were in fair condition . B ut the 
subsequen t arrivals all convinced m e th a t cycling carried  on in th is way is 
injurious. All o f us, even th e  non-physicians, were struck by one circum ­
stance  in particu lar : th e  exaltation  o f som e of th e  cyclists. O ne talked 
so loudly an d  crea ted  such a  d istu rbance , perpetually  repeating  from his bed  
th e  accoun t o f his journey, th a t we had  to  isolate him  so as to let th e  o thers 
sleep, for n e ither en treaties n o r th rea ts could  silence him.
T h ere  has been recen tly  a t N ew  Y ork a bicycle race w hich lasted  six 
days. A  prize o f 60 ,000  lire 1 was to  be given to  th e  w inner. T w o poor 
fellows who took part in the  race were th o u g h t for tw enty-four hours to  be 
m ad, such was the ir s ta te  o f exaltation.
T o  such excesses are  m en led by the ferocious curiosity o f the public 
who, by paying for these spectacles, encourage them .
V.
G iuseppe M aquignaz said to  m e one day th a t in dangerous p laces one 
m ust slacken the  pace for m any reasons, am ongst o thers because in such places 
o n e  im m ediately  feels m ore fatigued. T h is  sagacious observation, showing 
such  an  in tim ate  acqua in tance  w ith th e  psychology of the m ountain-clim ber, 
excited  my adm iration . A nd  yet I th in k  fear is one o f th e  em otions w hich 
M aquignaz least knows. T y ndall in speaking of M aquignaz, w rites : 2 
“ Joseph , if  I  m ay use the term , is a m an o f high boiling  po in t, his constitu ­
tional sangfroid  resisting th e  ebullition  o f fear.”
T h e  physiological idea  expressed by T yndall in these w ords is no t so far 
from th e  ac tua l fact as its im aginative form  m ight lead  one to  suppose. 
T h e re  are really m en w hose po in t o f ebullition  is h igher th an  th a t o f o thers ; 
th ey  p resen t m ore resistance to  th e  fire o f danger, only extrem e peril can 
ag ita te  them . F ear exercises a p ressure on th e  b lood w hich M aquignaz was 
ab le  to  resist.
T h e  m ore in tense  th e  em otion  o f the nervous system , th e  longer is the 
d u ra tion  of th e  fatigue it causes. E ven  the m ost in trep id  clim bers may find 
them selves suddenly  paralysed w hen in  m ortal peril, w orn ou t as they are by 
th e  acciden ts and  risks o f th e  ascent.
I  read  lately  the descrip tion  w hich Fitzgerald  gives o f his excursions in 
th e  N ew  Z ealand  A lps w ith th e  guide Zurbriggen. A t a  certa in  dangerous 
part, w hen they  w ere bo th  tied  together, a  stone  struck  F itzgerald on the 
chest. Zurbriggen had  tim e to seize the rope w hich was coiled near his feet 
a n d  check  h is com pan ion’s fall in to  th e  abyss. T h e  w eight was such th a t 
Z urbriggen had  to let th e  rope run betw een his fingers in  o rder to  lessen the 
strain , a t th e  sam e tim e endeavouring  to gain a b e tte r po in t o f support, and  
a  position  such as w ould enab le  him  to ho ld  F itzgerald  suspended and  save 
him . T h e  la tter was then  draw n up, and  th e  danger was over. T hey  then  
sa t dow n to recover from th e  nervous shock, w hich had  been  so great th a t 
h a lf  an  hou r passed before they felt ab le  to move.
A cciden ts m ay cause a  fainting-fit, as was experienced by Giissfeldt 
w ho is yet one o f the  m ost in trep id  o f m odern  A lpinists. T h o se  who 
have never been  in th e  A lps can n o t im agine th e  sta te  o f m ental tension 
in  A lp ine travellers, th e  unusual m uscular exertion w hich is requisite,
1 £2,000. ° J. Tyndall, Honrs o f Exercise in the Alps, p. 289. London, 1871.
nor the perils w hich m enace th e ir lives for hours together. T h e  accoun ts we 
read  in A lpine jou rnals give us a  faint idea  o f th is rap id  exhaustion  of 
streng th . T hey  tell o f a lm ost vertical walls o f crum bling  rock, in  scaling 
w hich each  traveller know s th a t it is beyond  his pow er to  save th e  com rades 
to  w hom he is tied  should  one m ake a  false step, b u t th a t he  an d  all will be 
prec ip ita ted  in to  th e  abyss. A nd  th u s they  m arch forward for hours in 
succession, im m inent dea th  before the ir eyes.
T h is  continual consum ption  of energy produces a  serious exhaustion  of 
th e  nervous system  w hich alters th e  cha rac te r— no t for th e  better. W ith  due 
exceptions we are  less gay an d  jovial a fter g rea t exertion. N ervous persons 
suffer m ost.
Saussure no ticed  these circum stances w hen he m ade h is first ascen t o f 
M on t B lanc. “ I t  seem ed to  us th a t we were m ore irritable, changed, and  
decidedly  for the  w orse.”
C yclists will ren d er th is change o f ch arac te r proverbial. W e all know  
w hat invectives an d  abuse  they  show er a long  th e  course w hen they  foresee 
som e h ind rance . O nly som etim es do  m ountain-clim bers sink  to  the  cyclist’s 
level o f politeness, an d  th a t is, w hen they  are d is tu rb ed  in th e  h u ts  after 
a  laborious m arch : th e  troublers o f the ir rest a re  th en  g ree ted  w ith the 
sam e good grace an d  urbanity .
V I.
A  few years ago there  was d iscovered in a sepulchre in the A ppian  W ay, 
a m osaic, represen ting  in th e  cen tre , a  skeleton lying upon  thorns, an d  
po in ting  w ith the  hand  to  th e  ce leb ra ted  m otto  : K now  thyself.1 T h is  m osaic 
w hich is w orked ou t in  w hite an d  black  stones has a  deep  m eaning. T h e  
words, taken  from the  fron ton  o f th e  tem ple o f D elphi, acqu ire  a  different 
signification w ritten  u nder a skeleton from  th a t w hich th e  o ld  ph ilosophers 
gave to  them . T h is  p ictu re  seem ed to  m e th e  sym bol o f physiology. I t  is 
the office o f physiology to  pene tra te  b enea th  th e  exterior, to  show how th is 
fabric o f ou r body is built, to analyse so m inutely  its functions th a t th e  m ost 
natu ral o f th e ir m anifestations strike us w ith awe.
I have now com e to the  saddest pages o f m y book. M ore than  all others 
does th e  m ountain-clim ber need  to  know  h im self ; these sorrowful pages are 
for his m editation . M y friend’s g rief an d  m ine in  reviving m ournful 
recollections finds consolation  in th e  hope  of thus saving som e too  in trep id  
traveller from a  fatal catastrophe.
A fter the  period  o f excitem ent m ore or less noticeab le  w hich I  have 
described, depression  follows. Indifference m arks th e  beg inn ing  o f th is new  
state o f th e  nervous system .
T y n d a ll2 expresses w ith th e  g reatest c learness th is psychic condition , in 
relating  his ascen t o f the  W eisshorn. “ A t th e  com m encem ent o f a  day ’s 
work one often feels anxious if no t tim id  ; b u t w hen th e  w ork is very h a rd  we 
becom e callous, an d  som etim es stupefied  by th e  incessan t knocking  about. 
T h is  was my case a t p resent, an d  I kep t w atch lest my indifference should  
becom e carelessness.”
T h is  indifference m ay even m ake us reckless o f our lives. I  rem em ber 
once en trea ting  th e  guides to  leave m e on  th e  snow. T h e  rem onstrances and
1 Ersilia Caetani-Lovatelli, “ T hanatos,” Memoria dell’Accademia dei Lincei, 1887. 
Vol. iii. p. 62.
2 J .  T yndall, Honrs o f Exercise in the Alps, pp. 102-3.
th rea ts  o f the  colleagues who lifted m e up  seem ed to m e very cruel. I 
p rom ised  to  go on if  they  w ould only leave m e for a  few m inutes lying on the 
snow. A t th a t m om ent death  d id  no t alarm  me, on th e  contrary, I  looked 
upon  its approach  as a relief. I  have never forgotten  th a t strange m om ent of 
my existence.
T h is  p rofound  indifference to  one’s own safety an d  th a t o f o thers, is, 
I  th ink , one o f th e  m ost serious factors in m oun ta in  accidents. T h e  deeds 
o f heroism , th e  con tem p t o f life w hich we often adm ire  in soldiers engaged 
in  fight, a re  m uch  m ore th e  natu ra l effect o f fatigue than  of bravery.
I  convinced  myself, by studying  m y com rades psychologically w hen we 
w ere roped  together, th a t after great exertion even the m ost cautious show ed 
less p rudence . T h e  guides in  front do  n o t sound  th e  g round  w ith th e  sam e 
care as in  the  m orning. A lthough  all know' th a t there  is m ore danger in 
descending, few show th e  sam e zeal as before in  m ain tain ing  the tension of 
the rope.
A ccidents do no t always happen  in the m ost difficult places, ra ther in  
those w hich are  reached  im m ediately  after som e great danger has been  
escaped. T h ese  casualties in  p laces com paratively easy are due  to  the 
nervous exhaustion  w'hich th e  p reced ing  peril has caused, an d  to  th e  subse­
q u en t indifference w hich robs us o f ou r p rudence  an d  our w atchfulness.
In  cycling, w hich has becom e a profession an d  a  show', we see these 
p hen o m en a  o f fatigue a tta in  even a m ore alarm ing  degree than  in  m ountain- 
clim bing. Indifference, apathy, is one o f the  first phenom ena  m anifest in 
cyclists ; a  sta te  resem bling  hypnosis then  takes its place. In  a recen t W'ork 
on  a  bicycle race T issié  says : “  T h e  psychic sta te  o f a  racing cyclist has m uch 
resem blance to  th a t o f hypnotic  sub-consciousness.” I t  will no t be difficult 
for any A lpine traveller to  find traces o f th is phenom enon  in  recalling his 
m oun ta ineering  experiences. I  h ad  several tim es th e  opportun ity  of seeing 
m y com panions in  a  sta te  o f suggestion, as it were, w hen suffering from 
excessive fatigue.
T h is  explains why, in  sp ite o f apathy, we con tinue  to w’alk. Persons who 
have reached  th is stage do n o t stop, an d  often seem ed to  be aw aked by a 
w'ave o f co ld  wind, a  dangerous or sim ply difficult passage.
M any will have read  w ith w onder in  jou rnals th a t ce leb ra ted  cyclists 
have been unab le  to  wralk  on alighting  from  th e ir bicycle, b u t th a t on 
rem oun ting  they  proceeded  w ith the  sam e velocity as before. T h is  fact alone 
suffices to  show th e  p rofound  m odification w hich the nervous system  u n d er­
goes th rough  fatigue.
L e t us consider for a  m om ent th is phenom enon  o f au tom atism  w hich 
facilitates our m otion in ascents by saving nervous energy. I t  has perhaps 
h appened  to  som e of my readers to  sleep while w alking. I  rem em ber having 
w alked, as arm y-surgeon, several k ilom etres, asleep, w ith closed eyes, holding 
m yself fast w ith th e  h an d  to  an am bulance-cart. T h e  longer we con tinue  to 
perform  a  m ovem ent th e  easier does it becom e un til a t last it is accom plished  
qu ite  independen tly  o f the  will. A fter covering h u nd reds of k ilom etres on 
th e  bicycle th e  con trac tion  of th e  m uscles, having been  so often  repeated , is 
p roduced  by a  slight nervous stim ulus. A  very fain t im pulse tran sm itted  from  
th e  brain  to  th e  cen tres o f th e  spinal co rd  suffices to  o rig inate the m ovem ent. 
O n th e  contrary, a  stronger stim ulus is necessary for th e  execution of o ther 
volun tary  m ovem ents, w hen th e  nervous force is exhausted .
A utom atism  plays a  m uch  m ore im portan t p art in our organism  th an  we 
th ink . T h e  action  of the b rain  m ust be  depressed  before we can  discover
th a t certain  functions are  perform ed unconsciously, w hen th e  pow er of the 
will is d im in ished  o r alm ost extinguished.
T h e  m ountain-clim ber m ust never forget th a t he  m ay becom e an  
au tom aton  from th e  effects o f fatigue, w hen, no longer th e  brain , b u t a b lind , 
unconscious pow er will im pel him  to walk onw ards. L ike T yndall, he  m ust 
fear th a t indifference w hich is no  longer th e  offspring of courage, b u t th e  
m anifestation  o f a  pathological fact due  to  nervous exhaustion  w hich annu ls 
th e  consciousness of danger.
V II .
In  my book, L a  F a tica , I  have already  described  th e  w eakening of th e  
m em ory during  ascents, giving th e  instance  o f a colleague o f m ine, professor 
o f botany, who, as he con tinued  to  ascend , gradually  forgot th e  nam es o f 
p lants know n to  him , which, however, he  recalled  again in  descending. T h e  
w eakening of the  m em ory is a  co n stan t phenom enon  in  th e  s ta te  o f fatigue 
caused  by an  ascen t. Saussure says th a t in  descend ing  from  th e  C ol du  
G éan t he  could  no longer find the  w ords to  express h is thoughts.
T h e  d im inu tion  of sensibility  in  th e  hands is generally  though t to  b e  an 
effect o f cold, an d  so, in  great part, it is ; bu t even though  our hands w ere 
warm we should  find on touch ing  th e  po in ts o f a  pa ir o f com passes th a t th e  
sensibility  was d im inished. I  have experienced  myself, an d  have been  ab le  
to  confirm  K raepe lin ’s sta tem ent, th a t th e  sensibility  is lessened  n o t only by 
in tellectual w ork b u t also by m uscular contraction . T h is  is a  sub jec t w hich 
invites fu rther investigation, as also the study  of the  m uscular sense in  fatigue.
K raepelin  has m ade experim ents in w hich he  m ade his sub jects ad d  
num bers together. K eller has m ade investigations w ith th e  ergograph ; 
G riesbach has stud ied  the  sensibility  w ith th e  com passes an d  found  th a t th e  
greater the  m en ta l strain  the m ore enfeebled  was th e  cu taneous sensibility.
T h ere  are  tim es during  an  ascen t w hen we are  obliged to  take off our 
gloves, because only w ith  th e  fingers are  we ab le  to  c lu tch  th e  ledges o f th e  
rocks. In  spite o f th e  fact th a t cold d im in ishes the sensibility, if we have to  
detach  an ice-crust w ith our fingers o r th ru s t them  in to  th e  snow to m ake sure  
o f the resistance o f the  rock, they im m ediately  give us pain. T h e  nails b reak  
because th e  cold  renders them  m ore brittle . T h e  force w ith  w hich the  
nervous system  acts on th e  m uscles is so great th a t con trac tu re  is caused, th e  
will no  longer succeeding in relaxing th e  fingers w hich rem ain  con trac ted  
after every exertion, unab le  to  ex tend  them selves w ith th e  requ ired  
p rom ptitude.
Fatigue also  causes a  change in th e  m uscular sense. T h ese  are  phen o m en a  
w hich till now have been little  stud ied . T h e  heavy gait characteristic  o f 
very tired  persons, w hich I described  in a  chap te r on m arches in m y book  on 
physical ed u ca tio n ,1 depends partly  on th e  circum stance th a t we do n o t feel 
the g round  so well. I have often paid  a tten tio n  to  th is an d  have no ticed  
th a t th e  inequalities o f th e  g round  are  no longer felt by th e  foot w ith th e  
sam e distinctness. In  the m orn ing  w hen one is fresh one judges instinctively 
in a m om ent o f th e  resistance o f th e  rock, o f the firm ness o f one’s foothold. 
In  the evening, w hen we are  tired , we are  confron ted  by a  new  a n d  som e­
tim es fatal difficulty in th e  slipping an d  sliding o f th e  feet, owing to  the ir 
insensibility  an d  to  th e  b lun ting  o f the  m uscular sense.
T h e  m echanism  w hich enables us to  stand  uprigh t an d  walk is one o f th e  
m ost com plicated  problem s in  physiology. I  have already  rem arked  th a t
1 Die körperliche Erziehung der Jugen, 1894, S. 135.
m any w heels o f this m achinery  ac t independen tly  o f the  will. T h e ir  inde­
p e n d en t action  is so p ronounced  th a t th e  will canno t even m odify th e  course 
o f  these  m ovem ents. W e m ay convince ourselves o f th is if we w atch any one 
w alking after cycling for even a  com paratively short space of tim e only. T h e  
m anner o f m oving th e  legs and  o f stepping is different from  w hat it usually is, 
no r does he  succeed, in  spite o f efforts, in  recovering his norm al gait. If, 
a fter an  ascent, we could  banish  im m ediately  every trace  of fatigue from the 
muscles, we should  no tice  th a t we no longer have our hab itua l gait. T h is  
m odification is caused  by cu taneous sensations, b u t m ore especially by 
sensations in th e  tendons and  jo in ts.
W e designate  as m otor hyperæ sthesia th e  perform ance by the  jo in ts o f a 
m ovem ent ou t o f p roportion  to th e  object. W hen the sensibility  o f the  skin 
is d im in ished , th e  sensibility  o f m ovem ent decreases also, a  p roo f th a t the 
sensation  o f m ovem ent is peripheric  an d  no t central. T h e re  is no inner­
vation  o f cen tral sensibility  accom panying th e  m oto r im pulse from the 
beginning. As soon as one’s foot slips, th e  ability  to  p reserve an  upright 
position  an d  escape th e  danger is dim inished.
T h is  obtuseness extends gradually  to  all th e  sensory  nerves. E ven  the 
eye no longer d istinguishes the  form  n o r appreciates th e  d is tance  of ob jects 
w ith the  sam e nicety.
P a rro t m ade th is observation  a t th e  beginning o f th e  cen tu ry  in  his 
jo u rn ey  th rough  th e  C aucasus, an d  T yndall, in describ ing  his ascen t o f the 
M atterho rn , m akes sim ilar rem arks.
T h e  acu teness o f vision decreases, an d  also th e  sense o f light. W hen 
th e  sun is going down, to  any one who is very tired  it seem s darker sooner 
th an  to  an o th e r who is unfatigued. T h is  ob tuseness o f the  sense of light, by 
lim iting  th e  peripheric  field o f vision, prevents th e  w alker from  seeing his feet 
as well as before, if he  does no t pay grea ter a tten tion .
S ight is certain ly  a lte red  after an  ascen t. I  have m yself experienced 
th a t w hite objects appear nearer, b lack  ones m ore d is tan t. T h e  appreciation  
o f  th e  relief is less accurate . A  field of snow, a  w hite stone, a  stra tum  o f a  
ligh ter tin t assum e a p rom inence  w hich is no t real.
V I I I .
Excessive fatigue m ay cause death.
F rom  our ch ildhood  we have heard  ab o u t the  sold ier who, after the 
b a ttle  o f M arathon , ran  a t such speed to  announce  the victory to M iltiades 
th a t he  d ropped  down dead  before th e  gates o f A thens. A  sim ilar case 
occurred  no t long ago in  a  race am ongst tourists.
In  th e  A lps th e  effects o f exhaustion  are  m ore to  be feared, because to  
them  are ad d ed  th e  rarefaction  o f the air and  th e  inclem ency of th e  w eather. 
C om pared  to  th e  tourist, th e  m ountain-clim ber has th is d isadvantage th a t he 
can n o t stop  w hen an d  w here he  will, w hen he  notices th a t h is streng th  is 
beg inn ing  to  fail him .
T h ere  are  two difficulties w hich render the study  o f exhaustion  in nervous 
persons uncertain . T h e  first is th a t we do no t know  w hat am oun t o f energy 
is a t the ir disposal. T hey  are  like people who set off on a  jou rney  w ithout 
know ing w hat funds they have in  the ir purse, to  m ake use o f an  im aginative 
simile. T h e  second  is th e  difficulty o f estim ating the ir expend itu re  o f force 
du rin g  th e  expedition. I t  is no t to be w ondered a t if even on  short tours 
they  m eet w ith various m ishaps
L et us exam ine these facts, apparen tly  contrad ictory , w hich often lead  th e  
hysterical, th e  nervous, th e  weak, an d  th e  fatigued, in to  fatal errors in  th e ir 
physiological reckoning.
Fatigue produces, as its first effect, an  excitem ent w hich gives a m is­
lead ing  feeling o f increased streng th . T h e  ineb ria ted  th in k  them selves 
stronger when excited by alcohol, w hereas they  a re  w eaker and  less resistan t 
to  fatigue. N ervous persons m ay often  be recognised  from  their passion for 
sports ; th e  physiologist m ain tains th a t in them  th e  excitem en t o f fatigue is 
m ore in tense  an d  m ore easily o rig inated  th an  in robust persons. W hen th e  
physician  hears som e one say, “  I  need  a  g rea t deal o f m ovem ent to  feel 
w ell,” he does no t im m ediately  accep t it as a  good sign, b u t reflects first 
w hether the sought-for sensation  o f well-being is w ithin physiological lim its. 
U nfo rtunate ly  this is an  obscure dom ain  in m edicine, because our m achine 
only creaks an d  stops w hen it is w earing out.
T h e  excitem ent p roduced  by th e  scoriæ  of fatigue preven t ou r know ing 
how m uch po ten tial nervous force we still possess. T h e  m ost serious circum ­
stance is th a t in  w orking we b reak  in to  provisions of energy an d  consum e 
them  day by day, w ithout know ing w hat quan tity  rem ains, n o r how m uch rest 
restores to us. T h o se  persons w ho are  nearest bank rup tcy  are  unfortunate ly  
those who m ost enjoy th e  nervous excitem ent p roduced  by fatigue. T hey  
seek it eagerly, like th e  m orphiom aniac who uses m orphia, no t as a narcotic, 
but as an  excitant. I f  we recall ou r acquain tances we shall all rem em ber 
certain  persons, m ore especially o f th e  nervous an d  hysterical class, who, 
a lthough  o f slender build, boast th a t they  have never know n fatigue.
T issié  has recen tly  stud ied  fatigue in  tired , weak persons.1 H e  m en tions 
th a t physician an d  p a tien t are  often m isled by th e  physiological paradox  
explained above, on w hich accoun t th e  p a tien t is encouraged  to  physical 
exertion as a  m eans o f consum ing  h is su p e rab u n d an t streng th , w hereas th e  
ration  of bodily  exercise is a lready excessive, an d  repose shou ld  be prescribed. 
F é ré  2 has show n th a t nervous fatigue an d  p ro found  em otions render us 
m ore vu lnerab le  to  th e  effects o f poison. M uscular fatigue is also  a  
poisoning.
A strange an d  fearful cond ition  is th a t o f th e  weak. T h e ir  body 
resem bles a com m ercial house in  w hich th e  cashier, w ho is th e  nervous 
system , does no t keep  the head  o f th e  firm in form ed e ither o f the funds in  
hand  o r o f th e  con tinual losses w hich th e  house suffers. Affairs proceed  
w ithout a  balance being struck, th e  fatal w aste increases th e  nearer the  
approach  o f bankruptcy .
IX .
As an  instance of this fatal error in  th e  appreciation  o f strength , I here  
rela te  the dea th  o f Raffaello an d  A lfonso Zoja, sons o f th e  P rofessor o f 
A natom y in the U niversity  o f Pavia, w hich took  p lace last year a t a  he igh t o f 
2,100 m etres. A lthough  young, Raffaello was already know n as an  em inen t 
biologist, an en thusiastic  investigator who, full o f the new  possibilities o f 
science, had  found ou t new  paths for th e  research  o f tru th . A lfonso, a  youth  
of a gen tle  nature , lived ap a rt from th e  world, studying  a t th e  laboratory  of
' Ph. T issié, La Fatigue chez les débiles nerveux ou fatigués. Revue scientifique, 
N ovem bre et Décembre, 1896.
- F éré , Société de Biologie, 25 Juille t, 1885, p. 497. Influence des agents physiques et 
des chocs moraux sur C intoxication. Société de Biologie, 19 O ct., 1895.
Professor Golgi, ab so rbed  in  th e  con tem pla tion  of N ature , am bitious to 
revive in h im self th e  fam e o f his grandfather, th e  ce leb ra ted  anatom ist, 
Panizza.
In  relating  th e  m anner o f the ir dea th  w hich will always be  recorded  w ith 
ho rro r in  the  annals o f m ountaineering , I feel all th e  g rief o f a  friend who 
w ould fain pay a tr ibu te  to  th e  m em ory o f these two dear youths on whom 
th e  U niversity  o f P avia  an d  science had  set such g rea t hopes.
D r. F ilippo  D e F ilippi, a  pupil o f m ine, an d  assistan t in th e  surgical 
hosp ita l o f B ologna, w ho was th e ir com panion on th a t sad  day, w rote me 
a  le tte r w hich I quo te  as a token  of our com m on grief.
“  B o l o g n a , D ecem ber y d ,  1896.
“  D e a r  M a s t e r ,— I  have allow ed som e tim e to  elapse since the  acciden t 
w hich you ask m e to analyse for your book, in  th e  hope th a t the poignant 
m oral suffering, experienced a t th e  tim e, an d  afterw ards a t the sight o f the 
angu ish  o f th e  afflicted family, m ight becom e dulled . B ut even now, w hen 
I  th in k  o f those hours, my em otion  is such  th a t it canno t b u t prove prejudicial 
to  a  ju s t appreciation  an d  rigorously critical analysis o f th e  facts.
“  I  shall begin m y narrative by a  few prelim inary  rem arks on th e  physical 
cond itions an d  past life o f th e  two young m en furn ished  m e by th e ir b ro ther, 
D r. L uigi Zoja. T h e  elder, Raffaello, was tw enty-seven years o f age, tall, th in , 
fair, w ith a ra th er em aciated , a lm ost ascetic face, fine features, an d  a  sweet, 
serene expression. H is  head  was th a t o f a studen t, his body no t m uch developed 
a lthough  one cou ld  no t say it was o f weakly build . H e  d id  no t suffer from 
card iopathy  in  1892-93 : he had  been troub led  by a  gastro-in testinal dyspepsia 
accom pan ied  by nervous phenom ena m anifested  in rap id  cerebral exhaustion 
w hich rendered  any prolonged  m ental w ork im possible. T h ese  phenom ena 
d isappeared  w hen th e  digestive d is tu rbances w ere rectified, an d  in 1894 his 
health  was good. N evertheless he  suffered in  th is year from  a gastro-intestinal 
po ison ing  o f unexplained  origin, w hich broke ou t in  an  acu te  form with 
vom iting  a n d  accom panied  by alarm ing phenom ena o f syncope, lasted  a  few 
days, an d  was followed by a p rom p t recovery. In  1895 th e  th ree brothers 
h a d  an  a ttack  o f scarla tina in a  m ild  form, an d  w ithout renal com plications. 
F o r years Raffaello had  m ade A lpine excursions w ith h is brothers, had  
repeated ly  ascended  to  th e  heigh t o f 3,000 m etres, once even as high as 
3,600 m etres, w ithout experiencing any  ill effects. O nly during  one ascen t 
un dertaken  after having danced  till 2 a.m ., an d  w ithout any night-rest a t all, 
h e  was seized a t  a  heigh t o f 2,400 m etres w ith general physical adynam ia 
w ith  p ronounced  m en ta l apathy. H e  was able, how ever, to  accom plish the 
rem ainder o f th e  ascent, an d  recovered a t once on descending. H is  b ro ther 
L uig i is o f opinion th a t this was an a ttack  of m ountain-sickness. T h is  year 
w e ascended  all together two peaks o f th e  V alle Vigezzo, a few m etres h igher 
th a n  the peak  G ridone, w ithout any one’s suffering in th e  least. In  no ascen t 
h a d  the Zojas experienced bad  w eather o r snow-storm s. I  m ay ad d  tha t 
Raffaello was particularly  sensitive to  cold.
“ T h e  younger b rother, A lfonso, n ine teen  years old, o f ra th er weakly build  
u p  till his seven teen th  year, had  developed rapid ly  since th a t tim e. H e  was 
a  well-form ed lad, lean  b u t wiry in  appearance, very active, w ith th e  general 
a ir  o f an  ath lete . H e  had  never had  any o ther illness than  th e  scarlatina 
a lready  m entioned . F o r  two years he h ad  accom pan ied  h is b ro thers on 
th e ir  A lpine tours, h ad  reached  th e  heigh t o f 2,800 m etres w ithout any 
physical d is tu rbance  resulting. I n  spite o f his leanness, perhaps in conse­
quence o f his rap id  developm ent, he used to  ea t a  great deal, a  c ircum stance  
ab o u t w hich we often joked.
“ O n th e  evening of th e  25th o f  Septem ber, every th ing  being  a rranged  for 
the expedition, Raffaello a n d  A lfonso w ent to  bed  a t 9.30 in  o rder to  rest
for a  few hours. F o r several days no ascen ts h ad  been  m ade, an d  on this
day they had  only taken  an  ord inary  an d  no t fatiguing walk. A t m idnight, 
a fter the  usual breakfast, we started , the  w eather being beautiful. F o r four 
hours an d  a  ha lf we w alked by th e  side o f th e  to rren t, a lm ost on level 
g round, all in our usual cheerful hum our, carry ing our w ell-furnished k n ap ­
sack in  tu rn  as we had  always done. I n  an  ascen t, n o t toilsom e, o f an  hour 
an d  a  h a lf we reached  th e  last a lp  (1 ,200 m etres high). I t  was 6 a.m ., and  
we took our first snack : bread, eggs, cheese, w ith w hich we d rank  tea. 
W e had  no  w ine w ith us ; th e  Zojas w ere to ta l abstainers, an d  in  the 
m ountains I, too, prefer tea  o r coffee. A fter h a lf  an  hour we w ent on our
way. A t 8 o’clock we were a t th e  foot o f th e  steep  to  w hich we had  looked
forward as th e  m ost enjoyable  part o f th e  expedition . I  took  th e  knapsack  
an d  from this m om ent I kep t it, no t because m y com panions seem ed tired, 
bu t to relieve them  of th e  feeling o f unequal poise w hich it occasions du ring  
th e  clim b, an d  to  ren d er th e  la tte r less difficult. T h e  ascen t was a lm ost a 
delusion, certain ly  it was no t m ore difficult th an  the o thers we h ad  accom ­
plished together th a t year, an d  we rem arked  th a t it was scarcely w orth while 
com ing so far for so little. T h e  w eather was still fine. A  few clouds 
rested  on th e  m ore d is tan t chains, an d  a light, n o t unp leasan t breeze blew 
from the north . T ow ards 11 o ’clock a  sudden  gust o f w ind enveloped us 
in a  tran sparen t mist, and  a fine hail began to  fall a t intervals. T h is  was a 
freak o f the w ind w hich lasted  for ab o u t fifteen m inutes, after w hich th e  sun 
shone o u t again. W e were already near th e  sum m it an d  paid  no heed  to  
th is occurrence. A  little  before m idday we were on th e  last crest o f the 
R occie  di G ridone (ab o u t 2 ,100 m etres in  height). W e m ight consider the 
ascen t as accom plished, an d  we sat dow n com fortably to  lunch, an d  to  enjoy 
th e  panoram a. W e knew  th a t we had  only to  clim b th ree  easy peaks little 
h igher th an  the  crest, in  o rder to  reach the p a th  B occhetta  di F o rna le  and  
th e  lower alp-huts o f V al C annob ina— a  walk a t th e  m ost o f four hours’ 
du ration . W e all th ree ate, b u t I canno t say w hether th e  Zojas a te  less 
than  usual. C ertain ly  they were in the ir custom ary good hum our, no r had  
they seem ed tired  to  me, no t even during  the last clim b ; I  had  n o t till then  
th e  fain test suspicion th a t they  w ere in  an abno rm al condition . Y ou know  
already th a t a  sudden  thundersto rm  from  th e  n o rth  overtook us as we sat, 
before we h ad  tim e to  notice th a t the  w eather was changing. In  less th an  
ten  m inutes we were enveloped in a  dense  cloud w hich obscured  th e  view 
a t th e  d is tance  of a  few m etres, an d  th e  snow began to  com e dow n th ickly  
in g rea t flakes w hich rapidly w hitened  the  rock, covering it in  a  q u arte r of 
an  hou r w ith a lm ost a h an d ’s d ep th  of snow. T h e  wind, w hich had  becom e 
strong, drove the  snow furiously before it. Such a  sto rm  was new  to me 
a t th a t height, an d  certainly, considering  th e  situation , it was o f exceptional 
violence. I t  d id  no t occur to  one of us to  clim b dow n again by the sam e 
steep  rock w hich we had  clam bered  up. I  shou ldered  the  knapsack  an d  
we w ent on. A t once, a t th e  first cau tious steps taken, I  no ticed  th a t my 
com panions were walking feebly an d  uncertain ly  ; I  im agined it m ust be 
the effect o f th e  w ind w hich renders the  passage of th e  crest aw kw ard to  
any one unaccustom ed  to it, an d  counselled  Raffaello who followed m e first, 
to  go on all fours if he d id  no t feel sure of him self. A t th a t tim e I took
m ore no tice o f th e  rope than  o f them , so as no t to  le t them  slip. Before 
th e  lapse o f h a lf an  h o u r even, Raffaello asked  m e to  stop  a w hile because 
th e  w ind was tak ing  away his b reath . I  th en  no ticed  th a t bo th  were unwell, 
a n d  th a t th e ir laboured  gait d id  no t arise m erely from  a  m ental depression 
caused  by the storm . T h ey  w ere pale, the ir tee th  w ere chattering , they 
com plained  o f nausea  a n d  o f slight headache, were apathe tic , irresponsive 
alike to  my jokes an d  entreaties, th e ir gait and  m ovem ents were weak, 
w ithout energy ; they  said  they were no t frigh tened  b u t tired , if I  le t them  
rest a  little, they  w ould be ab le  to  walk b e tte r afterw ards. T h en  began a 
long struggle, I  endeavouring  by every m eans in  m y pow er to  draw  them  
onw ards and  preven t them  from stopping  every m om ent ; the forward m arch 
becam e a  to rm en t to  all three. T h e  walls w hich fell away a t righ t an d  left 
w ere steep, we had  to  walk in single file as I h ad  to  w atcb my com panions’ 
every step. W e only w ent on ab reas t a t those parts in w hich I could  walk 
on  the  one side o f th e  m ountain , they  on th e  o ther, th e  rope passing over 
th e  crest.
“ A t 4 p.m . I  had  lost all hope o f reach ing  th e  col before night-tim e. 
T h e  w eather con tinued  bad , we had  covered little  m ore than  a  th ird  o f the 
crest, an d  although  I  d id  n o t foresee th e  ca tastrophe w hich hung  over us, 
I  knew  th a t my com panions, ill, in a  sta te  o f physical and  m en ta l inertia, 
w ere in  th e  w orst o f cond itions for spending  a  n igh t in  th e  snow. I then  
decided  to  a ttem p t a  d irec t descen t th rough  a  gully in  th e  V al C annob ina  
wall. W e sank up to  ou r knees in  th e  snow  an d  descended  slowly, the 
Zojas first, I  after, hold ing them  up  by th e  rope, because they were sliding 
dow nw ards ra th er th an  help ing  them selves w ith hands an d  feet as the  place 
requ ired  one to  do. I n  h a lf an  ho u r w hen we w ere 60 or 70 m etres below 
th e  crest, a  vertical descen t o f rock stopped  us. I  unroped , an d  for a  
quarte r o f an  ho u r I  sought a  passage through th e  gully an d  on its la teral 
walls, b u t in  vain ; no t even tb e  foolhardy could  have found  a  m eans of 
descen t, an d  we h ad  to  re tu rn  to  the crest. T h e  gully was steep, an d  if my 
com panions w alked w ith difficulty now, w hat was to  be expected  after the 
n igh t w hich was aw aiting us ? Y ielding to  my prayers they tried  to  eat 
som ething, b u t nausea m ade them  spit ou t the half-chew ed m orsels ; they 
sipped a  little  tea  an d  then  very unwillingly recom m enced  the clim b. I t  
las ted  little  m ore th an  an  hour, b u t u n d e r th e  circum stances it seem ed 
eternal. I t  was already n igh t (6 p .m .) w hen we reached  th e  crest a t a  po in t 
ab o u t 2,100 m etres high. In  a  few m inu tes I found  a  level o f rock a few 
square m etres in  area, a  little  below th e  crest, sheltered  from the  w ind bu t 
n o t from th e  snow, an d  there  we halted . O ne could  read  in  the ir eyes the 
satisfaction o f th e  Zojas a t n o t having to  walk any more.
“ I began to  feel very anxious ab o u t Raffaello. H e  sat m otionless, w ith 
open, fixed eyes. H e  d id  no t trem ble, no r d id  his tee th  chatter, as was the 
case w ith A lfonso an d  w ith me, he  d id  n o t speak unless questioned  ; he 
said  he  felt well now, an d  A id noi fe e l  the cold a n y  more. H e  b rea thed  
regularly, his pulse was ra th er rapid , ra ther low, rhythm ic, an d  m oderately  
com pressible. A lfonso appeared  tired , apathe tic , too, b u t he  was evidently  
n o t in  th e  exhausted  cond ition  o f h is bro ther. T hey  d ran k  th e  little  tea 
we had  left. O ur m atches had  becom e dam p  in ou r pockets so th a t we 
could  n o t light th e  lan tern , no r m ake use o f ou r coffee-m achine. A gain 
I  tried, b u t in vain, to  m ake them  eat som ething. A lm ost im m ediately  we 
began to  m assage Raffaello, A lfonso th e  jo in ts, a n d  I the trunk , forcing him  
to  speak, so th a t he  m ight no t fall asleep. I t  con tinued  to  snow w ith the
sam e violence, every now an d  th en  A lfonso an d  I shook the flakes from  our 
shoulders. T h e  tem pera tu re  m ust have been  1-2  degrees above zero. 
Raffaello was gradually  grow ing worse, I becam e aw are of it from his tardy  
answers, from th e  necessity  o f repeating  m ore th an  once th e  sam e question  ; 
his pulse was becom ing m ore rapid. A t a  certain  m om ent, a fter I  had  
asked  him  som ething several tim es in  a loud voice, he  looked a t m e w ith 
w ide-open eyes, an d  said softly— ‘ I  do not understand .' I  then  began 
m assaging him  w ith snow again, applying energetic  friction to  chest and  
back. E very now an d  then  A lfonso and  I  paused, w orn out. I  took little 
notice o f A lfonso, his tee th  were still chattering  from  th e  cold, and  he  spoke 
little ; he  appeared  perfectly conscious bu t d id  no t perceive the gravity o f his 
b ro th e r’s condition . A t m idnight the storm  subsided  w ith the sam e rapidity  
w ith w hich it had  risen, and  in a  few m inutes we saw a starry sky and  a 
sp lend id  m oon. I t  im m ediately  began to  freeze, and  the tem pera tu re  m ust 
I  th ink  have been  ra ther low from  the rap id ity  w ith w hich icicles form ed 
on the rock. T h e re  were perhaps 6 -7  degrees o f cold, b u t it is difficult 
to  form a  correct idea w hen one is d renched , tired , an d  in th e  m idst of 
frozen snow. A fter a  w hile A lfonso no ticed  th a t his b ro th er no longer gave 
any  reply to  our questions, I  to ld  h im  th a t Raffaello was falling asleep, and  
tha t he m ust con tinue  to  m assage vigorously. T h is  was now o f little  use 
a t th e  jo in ts, b u t it was a  m eans of keeping A lfonso awake, an d  enab led  him 
to w ithstand the cold. Raffaello was, I th ink , a t this tim e com pletely  
unconscious ; his pulse was filiform, rapid, his b rea th ing  still regular ; there  
was no convulsive m ovem ent ; w hen the arm  was raised  it d ropped  again 
as in flaccid paralysis, th ere  was no reaction  on external stim uli, the  gaze 
was fixed, a lm ost glassy. H e  began to  say a  few w ords w ithout sense, 
a rticu la ted  with difficulty in a qu ie t delirium  w hich lasted  only a  short time. 
T ow ards one o ’clock th e  b rea th ing  seem ed to  grow slower a n d  less regular. 
W e then  laid  him  on his back  (till now he had  been  in  a sitting  posture, 
leaning against the rock in o rder to  be  b e tte r sheltered  from the snow), an d  
began to  induce  artificial respiration , still con tinu ing  the friction o f- th e  
thorax. A lfonso was silen t an d  I d id  n o t dare  to  look h im  in th e  face—  
bu t he d id  no t unders tand  as yet. . . . A n o th e r hour passed thus. Suddenly  
I felt the  skin o f the pa tien t becom e covered w ith persp iration  an d  alm ost 
im m ediately  I no ticed  the  com plete  relaxation  o f dea th  ; th e  heart had first 
ceased to beat, I  still felt afterw ards th e  thorax  rise an d  fall in active 
inspiration. I t  was ab o u t 2 a.m .
“ A lfonso had  no t no ticed  anything, an d  m ade a few m ore m ovem ents for 
artificial respiration . T h en  he felt his b ro th er’s arm s stiffen in his hands, 
a n d  letting  them  fall he asked  suddenly , in a  frightened tone  : ‘ Is  he d e a d V  
I  bow ed my head, and  he  began to  weep silently w ithout sobbing, repeating  
every now and  then  : ‘ P oor J e l lo  !  ’ W ith  difficulty I rep laced  th e  already 
stiffened body against th e  rock, sheltered  in p art by a  little  opening, an d  
then  endeavoured  to  subdue my own awful anguish, and  take though t for 
the survivor. H is  im m obility  had  m ade him  feel th e  cold acutely  a t once, 
he nestled  close up  to  m e an d  I beat an d  m assaged his body. I  cou ld  no t 
persuade him  to m ake any  active m ovem ent. H is  consciousness was no t 
con tinuous nor com plete. A t intervals he repeated  his b ro th e r’s nam e 
weeping, w ithout, however, th a t v io lent grief w hich he w ould have exhibited  
u n d er norm al conditions. H e  cried a lm ost like a  child , in a  resigned way ; 
it was m ore d istress than  despair. T h en  the cold began  to  troub le  him  
again, he trem bled  an d  cow ered close to  m e telling  m e to  con tinue  the
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friction. T h e  m oon shed a  brillian t light all a round , there  were m ore than  
th ree  hours before daw n ; I  though t it w ould be well to  escape th e  agonising 
sight o f th e  corpse, an d  to  warm ourselves by w alking on again, how ever 
slowly, b u t it was im possible to  m ake A lfonso s tand  up. W hen he  tried  to  
rise, supported  by me, his legs gave way u n d er him  as though  paralysed. 
I  had  to  resign m yself to  th e  long inactive waiting. I  was no t very anxious ; 
I saw th a t he  was very tired , w ith the m oral inertia  o f m ountain-sickness on 
him , half-stupefied by our awful m isfortune, b enum bed  w ith cold, b u t I 
hoped  th a t w ithin a few hours day an d  th e  tep id  w arm th of th e  sun w ould 
enab le  h im  to m ove on ; we should  then  little  by little  reach  th e  p a th  w hich 
w ould be our salvation. A t 6 o’clock it began to  dawn, b u t A lfonso was 
still in th e  sam e condition . As a  last a ttem p t I  then  sw ept th e  snow from 
a  p a rt o f th e  rock as well as I  could, m ade him  lie dow n an d  to ld  him  
to try  to  sleep a  little. W ith  th e  daw n th e  cold  had  increased, so I  s tre tched  
m yself upon  him , a tten tively  w atching him . H e  fell a lm ost a t once in to  
a  norm al sleep, no t lethargic bu t fairly deep , in  spite o f the  uncom fortable 
position  a n d  the h ind rance  w hich m y w eight opposed  to  his breath ing . H e  
slept nearly  an  hou r an d  aw oke o f h im self tow ards 7 o ’clock, w hen it was 
fully daylight. I  persuaded  h im  to  ea t two eggs, an d  a t 7.30 he  was able 
to  stand , an d  we set off. H e  w alked like a d runken  m an, slipping a t every 
step. I  m yself was no t very steady on m y feet, b u t w ith the  m ovem ent I 
soon regained elasticity an d  certain ty . But A lfonso appeared  still exhausted, 
a n d  I  d id  no t notice th a t the m ild tem pera tu re  p roduced  any am elioration  
o f his condition . E very  few m inutes I  h ad  to  allow  a  halt, an d  these pauses 
con tinued  to  grow longer, so th a t in  two hours we had  only go t over the 
sam e g round  as one w ould cover usually  in  a q u arte r o f an  ho u r or little 
more. W e were scarcely 20 m etres below th e  last peak  w hich rose betw een 
us an d  th e  col, A lfonso had  been  sitting  dow n for a few m inutes an d  resisted 
all my en treaties to  m ake a  last effort. H is  tee th  w ere chattering  again ; 
for a while he  rep lied  to m y prayers by telling m e to  le t him  rest a  little 
longer, th en  he  spoke no m ore although  he  understood  w hat I said  to  him . 
H e  felt tired , th a t was all. I  sa t dow n near him  an d  talked  to  h im  of his 
b ro ther, trying to  shake h im  ou t o f his inertia . H e  said to  m e then  : 1 W hen 
we com e to  F inero  (a m arket-tow n in V al C annob ina), we will te legraph to 
Gigi an d  I  shall wait an d  go hom e w ith him  ’— a sen tence  w hich shows b e tte r 
than  any descrip tion  his com plete  unconsciousness of his own state. I  was 
anxious, th e  tard iness in replying was beginning, a serious physical languor 
was apparen t, I  saw th a t he  was so exhausted  th a t I  asked m yself if he could 
possibly ho ld  ou t for two hours longer. I  began again to  beg him  to move 
on, b u t soon I  no ticed  w ith anguish  th a t he could  not. O nly one resource 
rem ained  : to  le t him  slide dow n by a narrow  rocky p a th  covered w ith snow, 
w hich fell very steeply dow nw ards a t two paces from  us. A lfonso was still 
conscious, so I persuaded  him  to drag  h im self to  th is spot, I  help ing  him . 
I  then  began to  let h im  slide dow nw ards, seated  on the snow, telling  him  to 
steer h im self as well as he  could  w ith his arm s. W hen th e  rope had  run 
ou t (we were tied  together a t ab o u t five m etres’ d is tance) I  sat dow n likewise 
on th e  snow  in th e  narrow  path , an d  began to  le t m yself slide. A lfonso 
hung  w ith h is w hole w eight a t my waist, for I  had  fastened the  rope round  
m y body, needing, as I did, bo th  hands to keep up  m yself an d  him , by 
grasping th e  rocky prom inences o f th e  side walls which, fortunately, were 
solid an d  ab u n d an t. In  this way we descended  cautiously 50 m etres ; 
suddenly , a t a  m om en t w hen I  was sliding dow n sideways, I  felt th e  tension
o f th e  rope slacken, an d  turning, I saw A lfonso on h an d s a n d  knees, a lm ost 
lying down, burrow ing w ith his hands in the snow. I called to  h im  w ithout 
result ; I  unroped , fastened  th e  end  of th e  rope to  a  ju ttin g  rock, and  
hurried  dow n to him . H e  was unconscious, h is b rea th ing  was slow, his 
pulse sm all an d  rapid. I t  m ust have been  ab o u t 10 a.m . I ru b b ed  him  
with snow, half stupefied  by th e  fatality w hich pursued  us. A fter ab o u t an  
hour he d ied  quietly, w ithout a  struggle, w ith a  progressive slackening  o f the 
breath , while th e  pulse becam e gradually  w eaker an d  m ore rap id . I  felt 
exhausted  a n d  clim bed  up  a lm ost a t once to  th e  crest w hence in h a lf an hour 
I reached th e  p a th .”
X.
So long as there  is a physiology o f  fatigue, these pages o f D r. D e F ilippi 
will be rem em bered . A m ongst accoun ts w ritten by m ountain-clim bers, few 
equal th is one in  th e  sagacity an d  p resence of m ind  to w hich the accura te  and  
faithful observation  o f facts bears witness.
T h e  process w hich term inates in sudden  d ea th  is perhaps one of the  least 
know n in th e  science o f disease ; m any difficulties stand  in  th e  way o f its 
investigation, for w hich reason, too, th e  above faithful accoun t will be of 
in terest to  the pathologist.
Sudden  death  is often, as in  th e  case related  above, caused  by paralysis o f 
th e  heart. W e all know  th a t th e  heart beats m ore violently  an d  frequently  
w hen we undergo  som e deep  em otion. In  th e  depression  o f a  g reat m is­
fortune som e feel an oppression as though  th e ir b rea th  w ere tak en  away. 
T h e  sigh is a profound  insp iration  w hich we execute w hen in  sorrow  in order 
to  com pensate  for inadequa te  breath ing . W hen  we p lace  anim als u n d er th e  
pneum atic  bell an d  rarefy th e  a ir they  becom e sleepy, draw ing from tim e to 
tim e deeper breaths. I  have already rem arked  th a t during  my so journ  in  the 
R egina M argherita  H u t I no ticed  som e persons an d  a dog b rea th ing  deeply 
the w hole day.
T h ere  are  w om en who often faint m erely on hearing  o f an  acciden t, a t the 
sight o f one or a t an  unexpected  noise. I t  is p robab le  th a t in these cases the 
heart is paralysed owing to  a defect o f cen tra l innervation , arising from the  
rapid  exhaustion  w hich th e  em otion  has caused  in  th e  nerve-centres.
A lam en ted  death  in  my own family gave me, a  few years ago, th e  occasion 
to  experience personally  th e  w eakening ac tion  of em otion  on th e  heart. In  
ascending  th e  stairs o f my house, I  felt m yself for th e  first tim e obliged to  
slacken m y pace an d  to  stop because m y b rea th  was gone. T h e  pulse had  
qu ickened  an d  .1 felt my heart palpitating. T h is  was a  phenom enon  such as 
is often no ticeab le  in m ountain-sickness. T h e  heart, owing to  cen tral 
exhaustion  arising from em otion  or fatigue, no longer con tracts com pletely  
bu t rem ains som ew hat d ila ted  ; th e  circu lation  in th e  lungs proceeds m ore 
languidly an d  th e  gaseous in terchange in these organs becom es insufficient. 
T h is  is th e  first cause o f laboured  b rea th ing  ; th e  heart beats m ore frequently  
in o rder to  m ake up for its incom plete  contractions. W hen  th e  defect of 
innervation  becom es m ore serious, a  paralysis o f th e  hea rt ensues an d  is 
always followed by im m ediate  death . T h is  explains why o ld  o r weak 
persons som etim es succum b in consequence  of a psychic em otion.
P ro found  em otions an d  th e  effects o f fatigue are  m ore to be feared if the 
ou tside tem pera tu re  is low an d  becom e fatal w hen, owing to  the depression 
of the functions o f b rain  an d  spinal cord, those cen tres w hich regulate the 
tem pera tu re  o f the body an d  th e  tonicity  o f th e  blood-vessels are paralysed.
T h e  d runken  are  m uch  m ore liable to  dea th  from co ld  than  o ther persons. 
T h e  dea th  o f those  who have succeeded  in  killing them selves w ith alcohol or 
ab sin the  m ust be  explained in  this way, because alcoholic liquids alone w ould 
no t cause death . T h e  paralysed vessels d ila te  and  th e  b lood cools, no longer 
finding in  a  sta te  o f activity  w ithin the organism  th a t au tom atic  m achinery 
w hich otherw ise reinvigorates th e  vital processes and  reinforces th e  com ­
bustion  in th e  tissues a t th e  first low ering o f th e  tem pera tu re  o f th e  blood. 
L ittle  by little  th e  hea t o f the ind iv idual is lost, consciousness is extinguished, 
th e  hea rt ceases to  beat, th e  b rea th ing  stops an d  dea th  ensues.
I n  th e  last part o f h is le tte r D r. D e F ilipp i expressed his opin ion as to 
th e  cause of dea th  o f the b ro thers Zoja, an opin ion in  w hich I fully concur. 
“  P erhaps the p redom inan t factor was a  progressive w eakening o f th e  heart 
a n d  a vaso-m otor paralysis. C ertain ly  it was a  form  w hich one canno t satisfac­
torily en te r u n d e r any of the heads of classified diseases. I t  is also possible 
th a t there  was an  ac tua l in toxication  w ith fatigue poisons, w hich m ay be a 
factor in  all deaths from  exhaustion  after great m uscular overstrain. Perhaps 
ind iv iduals in  w hom  th e  m etabolic processes are  slow, organism s with 
incom plete  com bustion  an d  tardy elim ination  of residuary  p roducts m ay be 
specially p red isposed  to  th is form o f  poisoning, m ore particularly  if the cold 
still fu rther du lls th e  activity  of the organic chem istry. R affaello’s an te ­
ceden ts  show  th a t his nervous system  was exceedingly suscep tib le  to  toxic 
infections ; A lfonso, on th e  contrary, was apparen tly  in  norm al physiological 
cond ition . I t  is possib le th a t th e  em otion  excited by th e  dea th  o f h is b ro ther 
was too  v io lent for his w earied organism , to rm en ted  for hours by m ountain- 
sickness, exposed for a long tim e to  an  unusual loss o f heat, for, du ring  abou t 
tw enty  hours he h ad  scarcely tasted  food. C ertain ly  all these factors were 
im plicated . O ur ignorance as to  the  m odifications o f th e  m etabolic processes 
during  m ountain-sickness preven ts our saying w hether th a t m alady favours the 
accum ulation  of fatigue-poison in th e  organism , an d  we are obliged to  grope 
ab o u t on th e  uncertain  g round  o f hypothesis.”
Gressoney St. Jean.
C H A P T E R  V II
A S C E N T S — O U R  C A M PS— G N IF E T T I  A N D  R E G IN A  M A R G H E R IT A  H U T S
I.
T H E  estab lishm en t o f th e  ru les to  observe during  an  ascen t an d  th e  acqu irem en t o f th e  techn ica l know ledge necessary  to  overcom e difficulties a n d  avoid dangers, a re  th e  resu lts o f long a n d  successful 
A lpine experience. T h e  nam e of G iis sfe ld t1 a lone  recalls a  w hole class 
o f d istingu ished  A lp ine writers.
B ut th is is no t th e  sub jec t o f w hich I w ish a t p resen t to  tre a t. A fter 
having rapidly  review ed th e  m ore serious changes tak ing  p lace in m an  on  th e  
A lps from  th e  effects o f fatigue an d  rarefied air, I  now p ropose an  analy tical 
s tudy  o f ascents.
I  have already m en tioned  th a t du ring  an  ascen t we are  n o t always th e  
sam e, and  th a t th e  organism  responds to  stim uli in  various ways accord ing  
to  the  stage o f fatigue a t w hich we have arrived. M y in ten tio n  was to  keep  
those phen o m en a  observable  during  th e  first p a rt o f an  a scen t d is tin c t from  
those d u e  to  fatigue w hich m anifest them selves la te r a n d  w hich are  m ore 
serious, a lm ost m orbid .
1 P. Giissfeldt, Das Wandern im Hochgebirge. A nhang 299. In  den H ochalpen.
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N ear th e  inn  o f G ressoney la T rin ità , to  th e  left o f the  Lys, I  selected 
a  stre tch  of g round  rising from th e  flat m eadow  n ear th e  w aterfall up  the side 
o f th e  valley a n d  in tersec ting  th e  pathw ay o f th e  N etscio. A ssisted  by the 
eng ineer Bellini I  m easured  off a  he igh t o f 100 m etres a t a  p o in t where 
th e  g rad ien t o f th e  m eadow  was 50 in  100. T h e  first p a rt o f the  slope was, 
how ever, som ew hat steeper. H e re  I  m ade a series o f experim ents on m any 
persons w hom  I  caused  to  ascend  the  slope a t  an  o rd inary  pace, a t a  rap id  
pace, or, finally, running.
T h e  following is an  exam ple o f one o f these  experim en ts perform ed on 
m yself in  A ugust, 1895. T em p era tu re  o f th e  air 130
T im e . P u ls e . B r e a th in g . R e c ta lt e m p e r a tu r e . O b s e r v a t io n s .
9.40 a.m . 60 IS 37 "2
9-42 „ I  start from the foot o f the slope 
and take 6 min. 55 sec. to reach
9-53  » .  ” 4 SO 3 7 7 a height o f 100 met.
9-55 .. 88
9-56 „ 84 21 37-S
9.58 „ 84 20
10.3 „ 84 37 '8 R epeated coughing.
10.5 ,, — I? 3 7 7
10.7 „ 79 I /
10.12 ,, 80 l6
IO.I5 )> — l6 37-6
10.20 ,, 74 IS 37-55
IO.25 » 73 IS
IO.4O „ 63 37-2
IO.45 M 60
T h ese  figures show the  increase in  th e  frequency of pulse an d  breath ing , 
an d  th e  rise of th e  in te rna l tem pera tu re  consequen t on the raising of my 
body, 74 kilogram s in  weight, to  a  heigh t o f 100 m etres, my age being forty- 
n ine years. T h e  pulse, a fter having a tta in ed  114 beats in  the m inute, began 
to  d im inish  ; w hile the  tem pera tu re  rem ained  high, increased slightly during 
repose, a n d  regained  th e  norm al a  little  before th e  pulse.
T h e  therm om eter w hich I m ade use o f was a  B audin  m axim um  therm o­
m eter w ith a  very sm all bulb , w hich a tta in ed  th e  tem pera tu re  o f the body 
in  less th an  two m inutes. I  read  th e  ind ication  for th e  first tim e a t 9.53 
a.m . after m ore th an  four m inu tes’, th e  second  tim e after th ree m inu tes’ 
application .
T h e  b rea th ing  first regained  its norm al frequency, slackening in a  m ore 
rap id  p ropo rtion  th a n  th e  pulse, w hereas th e  tem peratu re  only began to 
decrease m uch  later. W e m ay therefore say th a t o f  th e  th ree  phenom ena 
here  stud ied  th e  respirato ry  activity first dim inishes, th en  th a t o f th e  pulse, 
an d  finally th e  in ternal tem perature . I  had  to  rem ain  for one h o u r lying on 
th e  grass before every trace  o f this little  ascen t had  d isappeared  from the 
organism .
I  have no ted  an  a ttack  of coughing. T h is, as I  th ink , indicates an  
accum ulation  o f b lood  in  th e  lungs. I  canno t assert this positively, bu t 
I  know  o f no o th er explanation  for th e  cough so often  observable in ascents, 
especially in  weak persons or in those  w ho are  beg inn ing  the ir training, as 
I was in  th is case.
I I .
T o  a s c e n d  1 0 0  m e tr e s  in  th r e e  m in u te s  a n d  a  h a l f  is  s a id  to  b e  th e  
m a x im u m  ra te .  I n  o r d e r  to  a s c e r ta in  t h e  s t r e n g th  o f  c e r ta in  m o u n ta in -  
c l im b e r s  I  i n s t i t u t e d  u p -h i ll  r a c e s . T h e  e n g in e e r  B e ll in i ,  w i th  w h o m  I  h a d  
e x a c t ly  m e a s u r e d  th e  g r o u n d  to  b e  g o n e  o v e r , s to o d  b e lo w , I  a t  t h e  g o a l  a t  
t h e  to p  ; th e  fo rm e r  c o u n te d  b e f o re  t h e  s t a r t  t h e  p u ls e  a n d  b r e a th in g  o f  e a c h  
r u n n e r ,  to  w h o m  h e  g a v e  a  p a p e r  o n  w h ic h  h e  h a d  w r i t te n  t h e  r e s u l ta n t  
f ig u re s , g iv in g  m e  a  s ig n  w ith  t h e  h a n d  a t  t h e  m o m e n t  t h e  r a c e  b e g a n .
S ig . M a r io  B o r s a l in o ,  s tu d e n t ,  18 y e a r s  o f  a g e  a n d  w e ig h in g  5 8  k ilo g ra m s , 
r a n  1 0 0  m e tr e s  u p h i l l ,  t h e  g r a d ie n t  b e in g  5 0  in  1 0 0 , in  4  m in . 3 3  s e c . T h e  
ta b le  g iv e n  a s  f o o t -n o te  1 sh o w s  th e  d a t a  r e s u l t in g  f ro m  th i s  o b s e rv a t io n .
W e  m a d e  e ig h t  e x p e r im e n ts  in  o r d e r  to  a s c e r ta in  t h e  v e lo c i ty  o f  a s c e n t .  
T h o s e  in  w h ic h  th e  s p e e d  w a s  g r e a te s t  a r e  h e r e  g iv e n .-
1 Mario Borsalino. 18 years o f age. W eight, 58 kilograms.
Time. Pulse. Breathing.
3.20 p.m . ... 76 ... 21
3.34 ,, ' 6 6
70
68
S tarts a t 4 .0  ,, ... 70 ... 19
Arrives in 4 min. 33 sec. F or about a  m inute I was unable to count the pulse as it was 
too weak and filiform.
4 .6 ,, I count for only 3 0 sec. 150 ... 31
140 ... 27
4.8 ,, ... 120 ... 26
4. II ,,  ... 120 ... 24
4.23 „  ... 108
106 ... 22
Coughs several times.
4.43 „  ... 90 ... 18
4.45 ,, ... 94 ••• 18
T he breathing has therefore recovered a rate below the  norm al before the pulse.
5.5 „  ... 93 -  17
5.20 „  ... 87 ... 17
5.40 „  ... So ... 16
5.43 „  ... -v. 72 ••• 17
After one hour and forty m inutes the heart had still not recovered its normal rate.
= fu liu s  Lochmatter. 28 years o f age. W eight, 75 kilograms. Guide.
Time. Pulse. Breathing.
3.18 p.m . ... 71 ... 13
3.20 „  ... 82 ... 15
3.30 „  ... 88
N oticing that the pulse was so rapid we told the  subject to sit down and rest.
S tarts a t 4.13 ,, ... 98 ... 20
Arrives in 3 min. 45 sec. For about two m inutes the pulse is too w eak and filiform to be 
counted. Breathing 38.
4-18 „  ... 140 ••• 33
4.20 „  ... 132 ... 28
4.22 „  ... 130 ... 26
Coughs a  little.
4.25 „  ... 124 ... 26
4.27 ,, ... 120 ... 20
T h e  breath ing  becomes norm al before the pulse.
5.2 ,, ... 106 ... 20
5-12 ,, ... 104 — 19
. 5.20 „  . . .  102 ... 17
5'35 ,, — 96 . -.. 18
A fter an hour and a ha lf both the breathing and th e  beating of the heart become less 
rapid than before the start.
T h e  guide, L ochm atter, perform ed th is ascen t o f 100 m etres in  3 m in. 
45 sec. H e  to ld  m e th a t th is was th e  m axim um  ra te  and  th a t it w ould be 
im possible to  cover doub le  th e  d is tance  a t the sam e speed.
D uring the  first two m inu tes th e  pulse seem ed to  m e to  bea t nearly 
160 tim es in  the m inute. W hen I laid  my h an d  on his chest I  felt a  strong 
palpita tion , b u t even here  I cou ld  n o t co u n t th e  pu lsations well. I t  is 
p robab le  th a t in  such cases the heart does n o t qu ite  em pty  itself, thus 
resem bling  th e  p iston  o f a  pum p w hich does n o t run  its course w hen the 
w ork to  be accom plished  becom es heavier.
In  th e  experim ent m ade on th e  guide L ochm atte r we see how the beating  
o f th e  pulse m ay be accelerated  m erely in  consequence of an  em otion. A fter 
lunch, a t 2 p .m ., its ra te  was 73 ; w hen we w ent in to  th e  m eadow  near the 
slope and  the o thers began to  race, the pulse rose to  82. In  sp ite o f repose 
it was n o t possib le to  effect a  d im inu tion  o f th e  cardiac pulsations, they 
increased, on the contrary, from  88 to  98. H is  pulse betrayed  his em otion 
an d  his desire to beat th e  o th er guides whose da ta  I  have om itted  for the 
sake o f brevity.
A fter d inner, a t 8.30 p .m .,w hen th e  pulse should  have beaten  a t a  greater 
rate, I  coun ted  only 74 pulsations in the m inute.
W hile engaged on these experim ents I cam e across a young m ountaineer, 
a  very strong  porter, th irty-three years o f age, who had  an irregular pulse ; 
after this ascen t o f 100 m etres perform ed in  six m inu tes th is irregularity 
disappeared.
T h a t th e  pulse in  such cases becom es regular after exertion was a  fact 
know n to C hrist an d  to  o thers w ho have occupied  them selves writh  studies o f 
this kind. D uring  fever also, those irregularities o f th e  pulse w hich som e 
people  have an d  w hich are  no t in  them selves a  sym ptom  o f disease, often 
disappear. Sm okers often exh ib it these irregularities o f the  pulse w hich cease 
w hen they  give up  sm oking.
I I I .
I t  does no t suffice, in o rder to  de te rm ine  th e  respiratory  activity during 
ascents, to  coun t the  num ber o f insp irations per m inute , one m ust, further, 
m easure th e  quan tity  o f a ir w hich we in troduce  in to  the lungs.
In  order to  ascertain  th e  respiratory  increase for an  ascen t o f 100 m etres 
I placed one gas-m eter a t the foot o f the  slope an d  an o th e r a t the  goal. T h e  
person on w hom  the  experim ent wras to  be m ade ad ju s ted  th e  m ask on h is face, 
lay dow n on  th e  g round  an d  b rea thed  th rough  th e  valves an d  m eter, th en  
perform ed th e  ascen t a t an  ord inary  pace, again p u t on th e  m ask when he 
had  reached  th e  goal an d  b rea thed  in to  th e  second  gas-m eter, lying dow n on 
th e  g round  as before.
In  a  foregoing chap te r I  have already  explained the  d isposition  of the 
valves for the  m easurem ent o f the  air we breathe. As an  illu stration  o f the 
augm entation  w hich th e  b reath ing  undergoes even w hen one ascends slowly, 
I  com m unicate  an experim ent w hich I m ade on  a po rter o f G ressoney, th irty  
years o f age. I  first de term ined  how m any litres o f a ir he  in troduced  into 
his lungs w hile in  the  m eadow  below , after he  had  lain  on th e  g round  for five 
m inutes w ith th e  m ask, in  com m unication  w ith  th e  m eter, on his face. T h e  
following are  the  num bers o f litres b rea thed  w hich I  read  every two m inutes 
on the m eter :—
7'93oo —  8 ’4 i8 s  —  8"0352 —  7 "8400 —  8"i25o.
H e  then  rose and , ho ld ing  th e  gu tta-percha m ask to  h is face, slowly 
ascended  the  m oun ta in  side. In  seven m inutes he raised  th e  w eight o f h is 
body, am oun ting  to  67 kilogram s, to  a heigh t o f 100 m etres ; im m ediately  on 
reach ing  the goal he  lay down, an d  I a t once began  to  no te  th e  quan tity  o f 
a ir inspired  every two m inutes, ob tain ing  th e  following values :—-
i4 'Ó 4oo —  11 "9064 —  io 'g S o o  —• g'gßoS —  g '0 2 8 0  —- 8" i30o.
F rom  this experim ent we see th a t th e  resp iration  becam e tw ice as deep  in  
consequence of th e  ascen t o f 100 m etres in  seven m inutes. A  greater speed 
in  the ascen t may, as I have observed, quad rup le  th e  volum e o f air inhaled . 
In  the last case, I  m ust ad d  th a t th e  action  of th e  valves o f th e  appara tus was 
no t perfect, th e  b rea th ing  being too rap id  an d  deep.
IV .
T h a t it is no t lack  o f b rea th  w hich causes us to  ha lt du ring  an  ascen t is 
show n by the  fact th a t som e, as, for instance, L ortet, recom m end  w alking 
w ith the  head  dow n in  o rder to d im in ish  th e  open ing  o f th e  respiratory  
passages.
“ T hose  w ho know  how to walk on high m oun ta ins keep  the ir h ead  dow n 
in  o rder to  d im in ish  th e  opening  o f th e  respiratory  passages, an d  b rea the  only 
th rough  the nostrils, th e  m ou th  being kep t shut, while they  take care to  suck 
som e sm all unyield ing body, such as a n u t or a  stone, w hich augm ents the  
salivary secre tion .” 1
R ecently  I  had  th e  p leasure o f m aking the  acquain tance  of the  celebrated  
m ountain-clim ber, M. C harles D urier, p residen t o f the  F rench  A lp ine C lub. 
I rem em bered  having read, in  his story o f M on t B lanc, a  sen tence  w hich 
had  m ade an  im pression on me. In  speaking  o f th e  advantages w hich 
certa in  little  indu lgences m ay procure  us on th e  sum m it o f M on t B lanc, 
D urier w rote : “  I f  one is a  sm oker, one has a little  stove a t w hich to  w arm  
one’s fingers.” 2 T h is  sen tence  alone convinced  m e th a t in  M. D urier th e  
respiration  m ust undergo  little  a lteration , b u t it was the  first tim e th a t I  h ad  
heard  the  p ipe pra ised  as a m eans of w arm ing one’s fingers on th e  sum m it o f 
M ont B lanc. I  begged M. D u rie r to  give m e som e in form ation  as to  his 
m ode of b reath ing , upon  w hich he k ind ly  w rote th e  following in my n o te ­
book  :
“ A  little  below th e  sum m it o f M on t B lanc, no t feeling any  shortness of 
breath , I halted , filled m y pipe an d  lit it in  o rder to  see w hether I should  
suffer from oppression. I  was n o t troub led  in th e  least an d  arrived a t the  
top  w ith m y pipe a ligh t ( i8 6 g , a t th e  age o f 3g). S ince then  I  have never 
reached  any sum m it w ithout my pipe in  m y m outh  an d  have never felt the  
slightest discom fort. Judg ing  by my personal experience, I  should  even say 
th a t it renders the  b rea th ing  regular and  prevents shortness o f b rea th .”
I f  m ountain-clim bers were to  be d iv ided  in to  two classes, th e  one resem ­
bling  M. D urier, th e  o th e r com posed  o f those who, on  g reat ascents, stre tch  
their necks an d  p ro tru d e  th e  tongue, I  confess th a t I  should  belong  to  the 
last category ; I  should  find m yself however, in  good com pany, nevertheless.
W hym per says th a t on C him borazo he had  fever an d  headache, and  
b rea thed  hurried ly  w ith h is m ou th  open.
1 Lortet, Perturbations de la respiration, de ia circulation et surtout de la calorification à 
de grandes hauteurs sur le Mont Blanc. Comptes rendus, tome 69, 1869, p. 70S.
’ Charles Durier, I.e Mont Blanc. Paris, 1S77, p. 236.
I  do  no t consider it o f use to  give rules for the  m ode o f b rea th ing  ; each 
one ough t to  b rea the  as he feels inclined. I n  no o th er sort o f exercise 
should  unconsciousness an d  au tom atism  have g reater weight. In  a recent 
w riting on training, T iss ié  says : “ V ery few persons know  how to breathe. 
In  out-of-door exercise the insp iration  should  be by th e  nose, the  expiration 
by the  m ou th .” 1 I  willingly recognise T iss ié’s great com petency  respecting  
th e  study o f fatigue, b u t I do  no t share h is ideas as to  th e  m ode of breath ing. 
T h e  reason of th is difference I  shall show fu rther on in speaking o f the 
influence w hich th e  w ind exercises on th e  respiration .
V.
O n th e  m arch th e  soldiers ha lt ten  m inutes for every hou r of walking. 
A lp in ists w ould do well to  ad o p t th is ru le  on the ir m arches in the m ountains.
I have no t m ade special observations on th is subject, a lready touched  
upon  in  my book on fatigue. I t  is a  difficult study w hich canno t be pursued 
satisfactorily on th e  A lps. I  here  m en tion  th e  sole fact th a t the w ork o f the 
m uscles is sub jected  to th e  sam e laws as th a t o f thought.
W hile w riting th is book  I have several tim es had  th e  experience, th a t if I 
rem ain  a t m y desk  for an  hour, or an hour an d  a half, a n d  then  m ake a pause 
of fifteen or tw enty m inutes, du ring  w hich I  rest o r walk about, I can  perform  
satisfactory w ork of eigh t o r n ine hours per day for several weeks in  succes­
sion. I f  I, inadvertently , le t m yself be carried  away by w orking zeal from 7 
to  ix .30 a.m . w ithout resting, I feel less well in th e  afternoon  and  often have 
a  headache.
W hen I am  m erely copying, I do  no t no tice  w hether th e  pauses are long 
or short, and  take up  m y w ork again w ith equal facility. B ut if I  am  busy 
w ith som e chap te r w hich requires m ore concen tra ted  a tten tion , an d  rest for 
h a lf an  hour, this prolonged  pause h inders th e  con tinuation  o f the  work. I 
notice, in  tak ing  up  m y pen  again, th a t the  tra in  o f though t is in terrup ted . I  
believe th a t all, m ore or less, feel th e  sam e difference also du ring  the  exertion 
o f an  ascent.
T h e  fatigue o f th e  legs is likewise a  nervous phenom enon , an d  I have 
already  show n the close connection  betw een work of th e  brain  and  o f the 
m uscles on an  ascent.
In  o rder to  u n d ers tan d  the  phenom ena  consequen t on fatigue we m ust 
rem em ber th a t all in tense  w ork o f the brain  or o f th e  m uscles profoundly 
modifies th e  sta te  o f these organs. T h ese  changes, w hich till now it has no t 
been  possible to  study  in th e  brain , m ay be observed in the m uscles, and  
every one m ay convince h im self o f the  m aterial a lte ra tions taking p lace in 
these after unusual exertion, by observing, for instance, the  flexor m uscles of 
th e  arm  after they  have been  vigorously exercised. If, for exam ple, we take 
a dum b-bell w eighing 5 kilogram s a n d  execute a  series o f 25 con tractions 
w ith th e  arm  in one m inute, we see, after the  w ork is finished, tha t the biceps 
m uscle has becom e th icker. A t first, w hile resting, we feel no  discom fort, 
bu t after a  few hours, even a  slight pressure on th e  m uscles p roduces a  
painful sensation. A  stiffness o f th e  m uscle becom es m anifest, th e  arm  
rem ains ben t, an d  we canno t ex tend  it w ithout feeling g reat pain. A fter four 
or five days every trace of stiffness has d isappeared, an d  the m ovem ents o f the 
b iceps becom e un tram m elled  once m ore.
A t G ressoney and  a t In d ra  C am p I m ade som e observations 011 th e  changes
1 Tissié, L'entraînement physique. Revue scientifique, 1896, W. 17.
in the tonicity  o f the m uscles du ring  ascents. F o r this pu rpose  I"m ade use 
o f an in s trum en t to  w hich I have given th e  nam e o f m yotonom eter. W ith 
the aid of this appara tus I saw th a t th e  m uscles form ing the  calf o f the  leg 
are  m ore easily leng thened  by an equal w eight w hen we are  tired  th an  when 
we are  fresh. A n ascen t o f th ree  or four hou rs’ d u ra tion  is sufficient to 
m odify the tonicity  o f th e  m uscles. W e do n o t becom e aw are o f th is until 
the  exhaustion  of streng th  is great, b u t th e  fact th a t we drag  our feet when
we are  very tired  is in part due  to  th e  above inconven ien t c ircum stance.
T h e  nervous system  acts on m uscles w hich yield m ore easily to  th e  stretch ing  
influence of th e  w eight o f th e  body. T h e ir  con trac tion  is slower an d  less 
efficacious. I  pass on, however, as a fu rther exp lanation  o f th is sub ject 
w ould necessita te  too lengthy a digression.
T h e  appara tu s w hich I m ade use of on th e  M onte R osa expedition  was
in th e  prim itive form  in w hich I exh ib ited  it a t th e  ten th  In te rn a tio n a l
C ongress o f M edicine in Berlin, in 1890.1 I  im proved  it afterw ards,2 w hen it 
was also m ade use o f by Dr. B enedicen ti in h is investigation  o f fatigue.3
I t  is know n to all th a t th e 'le g s  becom e stiff if  we m ake too  long a halt 
during  a  m arch. L agrange a ttrib u tes  th is stiffness to a  flagging o f the 
c irculation, an d  says th a t w hen th e  m uscle ceases to  co n trac t th e  m uscular 
fibre is no longer adequate ly  w ashed by the  b lood .4
In  th e  tired  m uscle th e  circu lation  of b lood  an d  lym ph becom es altered , 
a n d  this -may tend  to  the p roduction  of a  less perfect physiological cond ition  
of th e  m uscle, b u t I  m aintain  th a t it is o th er causes w hich give rise to  the 
annoying sensation  w hich we have all experienced after a  long walk, w hen 
we have rested  for a tim e an d  th en  wish to con trac t ou r m uscles again.
In  th e  position  of repose the  heel of the  foot is on a  h igher p lane than  
the toes. W e shall notice this if we observe a person sitting  on a tab le  w ith 
the legs hanging dow n. W hen  we p u t th e  foot to  th e  g round  in o rder to 
walk a n d  com press th e  sole w ith the w eight o f th e  body, heel an d  toes are 
he ld  on the sam e horizontal plane, an d  the m uscles in  the posterio r p art o f 
the leg are  stre tched . O n m easuring the force necessary to  m ake th e  sole o f 
the  foot form a righ t angle with th e  vertical line o f th e  body I found  th a t a  
w eight o f h  k ilogram s m ust be  app lied  to th e  ten d o n  o f Achilles. T h is  
weight, w hich we m ust im agine as stre tch ing  the  m uscle w henever the w eight 
o f th e  body is throw n on to one leg, p roduces the annoying  tension w hich 
we feel in  the  so-called stiffness o f the  legs. W e have in th e  m uscles sensory 
nerves w hich in consequence  of fatigue an d  o f th e  circulatory  changes 
thence  resulting, becom e m ore suscep tib le  to irritation . T h e  pains o f m us­
cu lar rheum atism  arise from th e  irrita tion  of these nerves w hen we stre tch  
the  m uscles o f the  ca lf in  pu tting  the  foot to  the  ground.
T h e  tired  m uscle becom es in repose cedem atous. M any persons on 
rising in th e  m orn ing  have a  feeling o f fullness in th e ir hands, o r th e ir eyelids 
are  slightly swollen. A  sim ilar phenom enon  is, in all probability , originated 
in the m uscle after in tense work, because th e  d ila ted  blood-vessels allow the 
lym ph to  ooze ou t in  g reater abundance.
I t  m ust first be dem onstra ted , how ever, th a t th e  m uscles are  cedem atous.
1 A. Mosso, Verhandlungen des X. internationalen mcdicinisehen Congresses. Berlin,
1890, Bd. ii. A bth. ii. p. 10.
3 A . Mosso, Description d'un myotononictre pour étudier la tonicité des muscles chez 
l'homme. Archives italiennes de Biologie, tom e xxv. p. 349.
3 A. Benedicenti, La tonicité des muscles étudiée chez l'homme. Ibidem , p. 385.
4 F . Lagrange, Physiologie des exercises du corps. 1SS8, p. 103.
T h e  following experim ent will show why I consider this hypothesis very 
probable.
T h e  sold ier C ham ois left G ressoney St. Je an  early in  th e  m orning and  
reached  In d ra  C am p after four hou rs’ m arch. As soon as he arrived I m ade 
him  sit dow n on a tab le  w ith his legs hanging  down. I  le t the  righ t leg hang 
dow n naturally, while u n d er th e  left I p laced the  stirrup  of the  m yotonom eter, 
w hich kep t th e  po in t o f th e  foot raised  ab o u t as high as it can  be  lifted by 
m eans o f a voluntary m ovem ent.
A fter the left foot had  been  in th is position  for forty m inu tes I  took 
away th e  m yotonom eter, b u t th e  po in t d id  no t im m ediately  re tu rn  to  its natural 
position, it rem ained  for m ore than  ten  m inutes h igher than  th e  po in t of the 
righ t foot. T h is  proves th a t th e  elasticity o f the  m uscles was altered  and  
tha t, after exertion, th e  m uscle assum es a  pasty  consistency w hich it has no t 
w hen in  repose.
O n walking, after th e  rem oval o f the instrum ent, th e  sub jec t said th a t 
th e re  was a  g rea ter stiffness in th e  righ t leg, th a t is in th e  leg left in repose. 
T his, I  im agine, was due to  th e  c ircum stance th a t th e  trac tion  m ust have 
been  stronger in  th is m uscle, w hich becam e œ dem atous an d  swollen w ith the 
foot in  a  different position  from  th a t w hich it assum es w hen we throw  our 
w eight upon  it in  walking. T h e  sensory nerves o f this m uscle suffered a 
painful irritation , because th e  deform ation  w hich the  m uscle had  to  undergo, 
w hen th e  foot resum ed th e  horizontal position , was greater.
(E d em a  alone is not, however, a  sufficient exp lanation  o f these  p heno ­
m ena. T h e  sensitiveness o f th e  nerves in  th e  m uscles increases after 
exertion, a  fact w hich is m uch  m ore ap p aren t in  persons w eakened by illness 
w ho begin to  m ake use o f the ir m uscles again after long repose, th an  in 
ro b u st individuals.
I  here  com m unicate  an  observation  m ade on h im self by Professor 
Forlanini, d irec to r o f th e  hosp ita l a t th e  U niversity  o f T urin .
“ In  18 8 1 I  had  a  pleurisy w ith an  effusion a t the left side. Tw o incisions 
were therefore m ade, one ten  days after th e  o ther, four an d  a  h a lf litres o f 
liqu id  being  ex tracted . T h e  fever lasted  for a  long tim e after the evacuation, 
an d  convalescence was also long.
“ I  w ent in to  th e  m oun ta ins a t th e  beg inn ing  of Ju ly  and  suffered from 
fever for several days again. A t th e  end  of Ju ly  I  accom plished  an  a scen t: 
starting  from  a  heigh t o f 1,200 m etres I  reached  an a ltitude  of 3,000 m etres. 
I t  was an  exceedingly fatiguing expedition  for me, especially a t first, w hen I 
was often obliged to  sit and  even to  lie dow n, as I  could  no t stand  upright, 
an d  was also seriously troub led  w ith dyspnoea an d  palp ita tion  of th e  heart. 
B eyond the  a ltitude  o f 2,000 m etres these  d is tu rbances d im in ished  con­
siderably. I  w alked on thus from  six in  th e  m orn ing  till eigh t in  th e  evening, 
w ith two halts for lunch  an d  d inner.
“  I  was very tired  on  m y return . I  o rdered  a  ba th , and  w hile it was being 
prepared  I stretched  m yself on my bed  an d  w aited. T e n  m inutes la ter w hen 
the  bath  was ready I cou ld  no t rise. I  h ad  a feeling as though  th e  m uscles 
o f th e  lower extrem ities were in  a  sta te  o f pasty stiffness, an d  even th e  m uscles 
o f the  tru n k  an d  arm s were stiff. E very m uscular m ovem ent, stretching, 
even th e  gen tle  p ressure o f a  m uscle caused m e g reat pain . Tw o persons 
had  to  assist m e to  undress, a  process w hich took  a  g rea t deal o f tim e and  
caused  m e m uch suffering. I  fell asleep a t once an d  passed a  quiet 
night. I n  the  m orn ing  all these phenom ena had  vanished, leaving only 
a  stiffness such as one is accustom ed  to  after a  long walk in  the  m oun ta ins.”
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Carefully perform ed m assage after a  m arch prevents th e  appearance  of 
those  pains in th e  m uscles w hich th e  F rench  call courbature.
T his  proves th a t th e  stiffness is a peripheric  phenom enon  : to  cure it, it 
suffices to  squeeze well the  m uscles and  prom ote  an  a b u n d an t c irculation  of 
b lood  an d  lym ph by m eans o f passive m ovem ent. F o r fu rther particulars I 
refer th e  reader to two studies by Dr. M aggiora on th e  physiological action  of 
m assage.1
V I.
T h e  m atte r o f w hich I have to  trea t is so com plex th a t I  have renounced  
th e  hope o f being ab le  to  follow a m ethodical m ode of procedure. N or 
w ould it be  possible to  select a  function an d  to  study  it w ithout considering 
its relations w ith o th er functions o f the organism . As the surroundings in 
the A lps exercise a  g reat influence on th e  organism , I  shall give a brief 
descrip tion  of th e  p laces a t w hich we halted  on th e  slopes o f M onte  R osa.
T h e  first series o f observations in T u rin  had  lasted  ab o u t a  m on th . O n 
Ju ly  18, 1894, we p itched  our laboratory-tent a t G ressoney la T rin ità  on the 
banks o f th e  Lys, in  a meadow , a t an  a ltitude  o f 1,627 m etres, a t a  short 
d is tance  from  T hedy  inn, an d  began th e  second  series. In  a  few days we had 
a rranged  everything. W e stud ied  the quan tity  o f a ir inhaled , the  form  of 
respiration , th e  am oun t o f carbonic acid  elim inated , th e  pressure o f the 
blood, th e  force o f th e  m uscles, &c. In  th e  m orn ing  before th e  soldiers 
rose, tem perature , ra te  o f b rea th ing  an d  of th e  pulse w ere ascerta ined  in  all.
A  week later, on th e  25th of July, we packed  our baggage on to  five 
m ules an d  m oved o u r cam p to In d ra , leaving a t T h ed y  inn  provisions and  
various th ings w hich we h ad  fetched  later, as need  arose.
T h e  In d ra  encam pm ent was a t a  he igh t o f ab o u t 2,515 m etres, at a  little 
d is tance  from  the  ru ins o f a m ill w hich was once m ade use o f for gold-m ining 
purposes. T h e  tem perature, especially a t night-tim e, sank  very low, so th a t 
in the m orn ing  the  w ater in the  pails was covered w ith a  crust o f ice two or 
th ree  cen tim etres thick, an d  th e  m eadow s were bedecked  w ith h oar frost.
A t G ressoney, in  o rder to  p ro tec t one of our therm om eters from the  sun 
a n d  m easure the tem pera tu re  o f th e  air, we had  had  a perforated  box con­
structed , the inside o f w hich was b lackened  a n d  w hich was fixed on to  a pole 
a  m etre  an d  a  h a lf high. D uring  th e  w hole o f ou r so journ  on M onte R osa 
we co n tinued  these observations w ith regularity. T h e  m ost im portan t o f 
them  are given a t  the end  of th e  book. H ere  I need  only m ention  th a t the 
m axim um  tem peratu re  w hich we observed a t In d ra  was 140 a t 3 p.m . on 
Ju ly  27 th .2
A  characteristic  o f th e  A lpine clim ate a lready no ted  by m eteorologists is 
the rap id  rise o f the tem pera tu re  in  th e  m orning.
W ithin  one h o u r th e  tem pera tu re  m ay rise 10 degrees. T h e  earth  cools 
greatly  du ring  th e  night, because th e  air is d rie r an d  less dense. In  the 
m orn ing  the bo ttom  o f th e  valley rem ains in  th e  shade w hile th e  sun is 
a lready far above th e  horizon ; th e  d irection  o f th e  rays being m ore vertical 
in the  m orning th e  earth  and  su rround ing  a ir becom e rapidly  warm ed. 
T h ese  differences d isappear in p roportion  as one rises above the valleys ; on
1 A. Maggiora, De Paction physiologique du massage stir les muscles de P homme. Archives 
italiennes de Biologie, tom e xvi. p. 225.—Influence dumassage sur la contraction musculaire. 
Ibidem , tom e xiii. p. 231.
2 J. Vallot, Annales de PObservatoire météorologique du Mont Blanc. Paris, 1893, p. 20.
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th e  sum m it o f M onte R osa  we shall see th e  d iu rnal variations o f th e  tem pe­
ra tu re  reduced  to a m inim um  of a  few degrees.
O n th e  31st o f Ju ly  we rem oved again  and  encam ped  near L in ty  H u t, a t 
an  a ltitude  o f 3,047 m etres, w here H .M . Q ueen  M argaret had  encam ped  
th e  year before on her expedition  up  M onte R osa. I n  the ad jo ined  
illustration  our ten ts  are  seen. D r. A belli slept in  th e  laboratory-tent, the  
sold iers’ quarters were a t a  little  d istance from the p lace where h ad  been  the 
k itchen  of h e r M ajesty an d  w here th e  su ite had  encam ped . T h e  illustration 
show ing the V incen t P yram id  in th e  second  chap te r gives a  view also of this 
rocky level as one looks tow ards th e  glaciers In d re n  and  G arstelet. A t a  few 
m etres from  th e  cam p, th e  snow accum ulated  betw een th e  rocks provided us 
w ith water.
O n the n igh t o f ou r arrival D r. A belli suffered from hem icrania with an 
a ttack  o f vom iting. T h ese  were th e  first sym ptom s o f m ountain-sickness 
w hich appeared . D r. A belli recovered an d  had  no repetition  of th e  attack.
T h e  w eather, w hich had  a t first been fickle, had  becom e fine an d  favoured 
our settling. T h e  w arm  rays o f the sun cheered  us in the  m idst o f this 
desert spot w hence every trace o f vegetation  h ad  vanished. A round  us 
roared  th e  to rren ts  and  th e  glacier o f G arstelet. A t 10 o ’clock an  im m ense 
avalanche b roke off from  the front o f th e  glacier an d  rushed  storm ily  dow n­
wards like a  wave of foam, while beh in d  it rose a  c loud  o f dazzling w hiteness. 
I t  was a  new life for us, an d  often d id  we pause in ou r w ork in  o rder to  
con tem pla te  the  m ajestic sweep o f th e  glacier, w ith its abysses, its rocking 
crests, the  sm ooth  walls o f ice reflecting th e  rays o f the sun a n d  the sparkling 
brooks issuing from azure caves a t its base.
O n A ugust 2nd th e  w eather was very bad . T ow ards evening we had  a 
thundersto rm  w ith hail. D uring  the n igh t th e  snow con tinued  to fall, and  
all th rough  th e  next day it rained. T h e  w ater from  a little  to rren t inunda ted  
th e  laboratory, tak ing  its course stra igh t th rough  it. W e were obliged to 
clear th e  ten t an d  m ove instrum en ts an d  provisions elsewhere. O ur ten ts 
w ithstood b o th  w ind an d  snow well. W e had  taken  oilskin covers w ith us, 
w hich form ed th e  floor o f each tent, an d  on w hich our field-beds stood.
O n A ugust 4 th  th e  w eather had  cleared again. A t 2 p.m . the therm o­
m eter in m y ten t m arked  icpg0.
I had  taken  books w ith me, lest tim e should  hang  heavily on my hands, 
b u t th e  hours fled unnoticed . O f th e  days spen t in ou r encam pm ents I 
re ta in  th e  p leasan test o f m em ories, as o f a  w ell-being h itherto  unknow n. I t  
was a tim e o f my life full o f an  em otion  w hich w ords fail to  express. T h e  
poetic charm  o f m y surroundings, the religious sen tim en t w hich N atu re  
aw akes in us, subdued  me, he ld  m e captive.
In  th e  evening I u sed  to  sit dow n, tired, before the ten t and  gaze a t the 
golden glory in th e  west, a t th e  purple-hued clouds an d  th e  V incen t Pyram id 
lit up by the last rays o f th e  sun. F a r away in  th e  plain the grey cu rtain  of 
n igh t was already  draw n, an d  I could  scarcely realise th a t I  was on tha t 
m oun ta in  w hich a t eventide stands ou t in fiery m ajesty against th e  b lue sky, 
on  th a t glacier pile w hence th e  sun, w hen day is dying, sends a farewell 
greeting  to  Italy .
T h en  suddenly  n igh t spread its m antle  over all. T h e  g littering  stars 
rendered  th e  darkness m ore solem n an d  m ore pitiless. N atu re  seem ed 
grander, m ore m ysterious in th a t stupendous solitude.
The two Gnifetti Huts (alt., 3,620 metres).
V II.
In  th e  second chap te r I  have in troduced  an  illustration  in w hich the 
V incen t P yram id  is seen ; to  the left on th e  horizon is a  black crest in the 
m idst o f glaciers. O n th is rock G nifetti H u t was constructed , a t an a ltitude 
o f 3,620 m etres, by the  V arallo  section of the A lpine C lub. A  m ountain  
ridge runn ing  from the encam pm ent near L in ty  H u t in the d irection  of th e  
V incen t P yram id  separates th e  Lys g lacier from the glacier G arstelet. A 
walk of two hours in this d irection  brings one to  G nifetti H u t .1 T h e  road 
is easy b u t tiring, because before reach ing  th e  glacier we m ust cross snow 
fields an d  rugged, rocky tracts. A n illustration  a t  th e  end  of th e  book 
(see p. 224), shows our party  on th e  descen t from M onte  R osa. In  this 
p ic tu re  th e  glacier G arstelet is seen stre tch ing  below G nifetti H u t after 
w inding round  th e  slopes of the  V incen t Pyram id. I t  is an im m ense inclined 
p lane  o f ice, th e  surface being uniform , w ithout crevasses.
I took a  photograph  of the little  and  the big G nifetti H u ts  as they were in 
1894. N ow  there  is a larger an d  m ore com m odious hu t, fourteen m etres in 
length, and  com posed o f four room s in com m unication  w ith each other.
O n A ugust 4 th  the porters carried  the g reater part o f ou r in strum en ts in to  
th e  two hu ts. O n the 5th my bro ther, Bizzozero, and  I arranged  th e  little  
hu t as a tem porary  laboratory. U nfortunate ly  it was only th ree  m etres long 
an d  two broad , b u t the shelter it afforded, com pared  to th e  ten ts, was a great 
relief. W e had  gradually  accustom ed ourselves to  th e  cold and  frost in our 
cam ps, bu t w hen a t last we w ere ab le  to  warm ourselves a t th e  stove the 
sense o f com fort an d  luxury was such th a t we cam e to  the  conclusion  that 
the m ost trying tim e of ou r expedition  was past. H ere, too, however, we 
w ere troub led  w ith the  snow, as may be seen in the illustration  show ing the 
sm aller hut.
V I I I .
O n A ugust 9th, in com pany w ith Bizzozero, the  guide Sim on, th e  soldiers 
Jach in i an d  Sarteur, an d  two porters, I  w ent to  the R egina M argherita H u t. 
T h e  next day my b ro th er followed w ith o thers o f th e  party , and  on th e  th ird  
day D r. A belli arrived  w ith th e  rearguard  and  th e  stores.
T h e  path  w hich leads from G nifetti H u t to  th e  sum m it o f M onte R osa is 
a t first ra ther steep. W hen  one has reached  the spurs o f the V incen t Pyram id 
a  level stretches ou t before one, an d  after a  steep  clim b of ab o u t 600 m etres 
one arrives a t the C ol du  Lys, w hence th e  valley G renz descends. A t the 
bo ttom  appear th e  C o rn e r glacier and  th e  im posing peaks of Z erm att, and  
tow ering above them  the  M atterhorn . T o  th e  left rise th e  form idable brow n 
rocks o f Lyskam m . A  little  fu rther forward extends the im m ense ice plain 
overlooked by th e  stately  heights o f the M onte R osa.
T h e  difference in level betw een G nifetti H u t and  R egina M argherita  H u t 
is less than  1,000 m etres. I t  is a  walk of four hours’ du ration . In  no o ther 
part o f th e  A lps is there  a g rander view of snow an d  glaciers. T h e  illustra­
tion  (reproduced  from  a photograph  taken  by V itto rio  Sella), w hich shows 
P arro t Peak  from the upper p lateau  o f Lysjoch, gives us an  idea of this 
sublim e landscape, w hich rivals th e  polar regions in  its im posing grandeur. 
In  front is th e  R egina M argherita  H u t as it is seen from th e  Swiss side.
1 This name was given to the hut in remembrance of the parish priest of Alagna, Don 
Giovanni Gnifetti, who in 1842 was the first to set foot on the summit where the Regina 
Margherita Hut has since been erected.
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T he little G nifetti H ut which served as a laboratory (alt., 3,620 metres).
O n our arrival here  my though ts tu rned  tow ards A lessandro Sella, who 
had  so energetically  p rom oted  the construction  o f this hu t for scientific 
purposes as well as for a shelter, an d  tow ards his father, Q u in tino  Sella, the  
founder o f th e  Ita lian  A lpine C lub, who had  in itia ted  m e in to  th e  study o f 
the  Alps, an d  I felt m yself an im ated  by a  lively sense of g ra titude  to this 
fam ily so un tiring  in th e  service o f their country.
T h e  construction  o f th e  R egina M argherita  H u t was th e  m ost daring  
ach ievem ent o f th e  Ita lian  A lpine C lub ; it form ed a w orthy close to  the 
work o f ha lf a cen tu ry  devo ted  to  th e  conquest o f the Alps.
View of Regina M argherita H u t from Col G nifetti (a lt., 4,560 metres).
C H A P T E R  V I I I
A L IM E N T A T IO N  A N D  F A S T IN G
I
AN ascent of the F au lho rn  accom plished  by P ick an d  W islicenus altered  the ideas o f physiologists ab o u t th e  origin o f m uscu lar force an d  the chem ical value of a lim entation .
Ju s tu s von L iebig had  div ided  foods in to  respirato ry  or heat-producing  
foods, because, according to  him , heat was developed  by the ir com bustion , 
and  plastic foods (such as a lbum en, caseine, an d  all o th e r substances con ­
taining nitrogen), which, in his opinion, bu ilt up  th e  m uscles an d  tissues. 
T h is theory, w hich seem ed the  g reatest trium ph  o f chem istry  app lied  to  the 
organism, was so sim ple th a t it was accep ted  by all. W hen we read  th e  
chem ical letters o f Ju s tu s von Liebig* we are  even now aston ished  a t the 
literary ta len t w hich enab led  him  to popularise h is g reat discoveries.
U nfortunately  th e  origin ot th e  force an d  hea t o f o u r organism  is n o t so 
sim ple as L iebig thought.
* Justus von Liebig, Chemische Briefe , 6 Auflage, p. 256.
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In  1865 F ick  an d  W islicenus perform ed an  ascen t in o rder to  test the 
tru th  o f L iebig’s theory. G ran ted  th a t th e  force of th e  m uscles is due 
exclusively to  th e  com bustion  o f their substance, th e  azote o f the  m uscles 
ough t th en  to  pass in to  the  urine, p roducing  an  augm entation  of urea.
T h e  two investigators s ta rted  from  L ake Brieg an d  clim bed  the F au lhorn , 
w hich rises to a  height o f 1,956 m etres above the level o f the  lake. D uring 
the ascen t an d  for twelve hours before they took no food con tain ing  nitrogen, 
restric ting  them selves to  a  d ie t o f starch, fat, and  sugar. T hey  collected  the 
urine du ring  the  six hours o f th e  ascen t an d  six hours following, an d  de te r­
m ined  th e  am ount o f n itrogen con ta ined  in  it, finding th a t th e  destruction  of 
a lbum en  w hich had  taken  place in the ir bodies du ring  th e  ascen t was so 
inconsiderab le  tha t it cou ld  n o t be looked  upon as th e  cause of the m echanical 
work accom plished.
T h is  s ta tem en t is probably  no longer reliable w hen a  great ascen t is 
perform ed, because, as I have already show n in an o th e r work, the physiology 
o f tired  m an is different from th a t o f m an w hen rested.
Zuntz, who has devoted  m uch  a tten tion  to this problem , recently  said  : 
“  W hen the w ork is in tense and  the organism  reaches th e  u tm ost lim its in 
th e  m anifestation  of its strength , an d  especially w hen the resp iration  is no t 
com plete  o r sufficient, a  m uch m ore a b u n d an t destruction  o f a lbum inous 
bodies takes p lace .”
I I .
W hen  D r. P accard  and  th e  guide B alm at s ta rted  for th e  first ascen t of 
M ont B lanc they took the ir a lpenstocks an d  two w oollen rugs, bu t scarcely 
any  provisions w ith them .
I have perform ed ascen ts while fasting, an d  o thers w hen I have eaten , 
a n d  have never no ticed  any  difference in  th e  fatigue experienced.
W hen I ascended  th e  V incent P yram id  in  w inter I  filled my pockets 
w ith d ried  p runes an d  a te  no th ing  else th e  w hole day. T h e  sour-sw eet taste 
was agreeab le  to  m e an d  th e  stone, w hich I kep t in my m outh , excited a  
secretion  of saliva w hich p reven ted  m e from feeling thirsty.
I t  is a  popu lar idea a t the p resen t day th a t our body m ay be com pared to 
a  locom otive which, by m eans of burn ing  coal an d  th e  vapour o f heated  
water, accom plishes m echanical work. T h e  ten d e r which carries th e  supply 
of coal is rep resen ted  by the  nu tritive  m aterial sto red  up  in our body in 
o rder to sustain  th e  work o f the m uscles. In  the nex t chap te r I shall 
exam ine this com parison m ore closely, here  I only rem ark th a t the  ten d er of 
ou r m achine canno t be  loaded  only a  few hours before th e  start, bu t m ust 
have its stores in  readiness a t least tw enty-four hours before, and  th a t during 
th e  jou rney  th e  supply of fuel in  th e  ten d e r can n o t be renew ed. In  o ther 
words, du ring  the day on w hich we accom plish  an  ascent, we work w ith the 
accum ulated  force of the days before.
Pau l G iissfeldt thus describes his cond ition  after a  noctu rnal m arch during 
h is ascen t o f A concagua, w hen a  heigh t o f 6,200 m etres had  been  reached  :
“  B etw een eight an d  n in e  o ’clock in the m orn ing  our little  tea-m achine 
was set a-going ; having m elted  a  little  snow I threw  in som e leaves o f tea, 
ad d ed  a  few pieces o f b read  as hard  as stone, and  then  swallowed th e  whole, 
m y people partak ing  likewise. T h is  was th e  sole food w hich I had  taken 
during  tw enty-four hours, and  yet I  had  no t suffered from hunger. A nd, strange 
to  say, a lthough  th e  air was very dry, I  was no t even troub led  by th irs t.”
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T h a t it m ay no t be though t tha t G iissfe ld t1 had  fed well on the preceding 
days I m ust say w hat his provisions w ere w hen he m ade th e  daring a ttem p t 
to ascend  A concagua w ithout having any E uropean  gu ide w ith him . H av ing  
ridden  to  a  heigh t o f 4 ,500 m etres, there  rem ained  2,500 m etres to  be  covered 
on foot. H e  took w ith him  a handfu l o f tca-leavcs, som e ship-biscuit, raw 
onions, and  a  little  charqui. C liarqu i is d ried  ox-flesh, fibrous an d  of a 
reddish-brow n colour. “ T h e  best d ish w hich I had  eaten  for several days 
was called bald iviano , p repared  by pu tting  w ater on  th e  dried  flesh and  then
m ixing in onions, red  pepper, biscuit or po ta toes.” “ T h is  was,” says
G iissfeldt, “  m y sole food, an d  th e  d inner-hour was rendered  th e  m ost
disagreeable hou r of the day by th is ba ld iv iano .”
I I I .
T h e  a lim entary  substances w hich we pu t in to  our m ouths becom e living 
substance  o f th e  body. H ow  th is assim ilation  is effected, how the  cells 
extract th e  m aterial peculiar to  them  from th e  foods we have digested, is a 
m ystery. O ur w onder is the  greater when we see th a t from th e  m ost diverse 
feeds m aterial is ex tracted  for the brain, the m uscles, and  the end less variety 
o f e lem ents constitu ting  a living being.
T h e  changes w hich take  p lace in ou r streng th  w hen we work w ithout 
eating  is a  sub ject w hich has engaged the a tten tion  o f physiologists. As, at 
present, there  is no hope of learn ing  in w hat m anner th e  assim ilation of 
n u trim en t is accom plished, we should  like a t least to  d e term ine  the tim e 
w hich is necessary for th e  com pletion  o f th e  process. T h e  first researches 
w ith th e  aid  o f the  ergograph I m ade together w ith Professor M aggiora. W e 
found th a t the la tte r was very sensitive to  th e  lack  of food. T h e  resistance 
o f his m uscles to  work rapidly  d im in ished  during  fasting,2 and  rapidly  re­
covered the  norm al during  alim entation .
In  a com pany of m any persons travelling together, who m ust perforce 
observe th e  sam e regim en, one m ay easily no tice  the great individual 
differences w hich exist in th e  resistance to fasting, when a m eal is by chance 
delayed for a  considerab le  length  of tim e. In  sp ite o f the num erous publica­
tions on th is subject, we do not, however, know  the cause o f these ind i­
v idual variations. D r. G. M anca conducted  an investigation of th is question 
in m y laboratory .3 I can  here  m erely m ention th is problem , w hich is too 
com plex to  adm it o f adequa te  trea tm en t in this work.
T h e  curves w hich we ob tain  w ith the ergograph give us a  partial idea of 
fatigue only, as the prolonged exercise w hich m odifies the activity o f the 
heart an d  the  b rea th ing  is lacking in these experim ents. I hope th a t o ther 
physiologists m ay soon m ake a  m ore com plete  study of th e  influence of 
lasting  during  ascents.
O ne th ing  only I  wish to m ention  w hich at first seem s a paradox. T h ere  
a re  persons who becom e stronger after fasting com pletely for a  day or two. 
T h is  is a  curious nervous effect, show ing th a t the lack  of food produces
1 I*. G i i s s f e ld t ,  Reise in den Andes. B e r l i n ,  1 8 S S , p .  2 9 5 .
2 F o r  t h e  s a k e  o f  b r e v i t y  I  d o  n o t  f u r t h e r  e n l a r g e  o n  P r o f e s s o r  M a g g iu r a ’s  r e s e a r c h e s  
p u b l i s h e d  u n d e r  t h e  t i t l e  o f  Influenza del digiuno e del nutrimento stilla fatica muscolare 
in  t h e  M e m o r i e  d e l l ’ A c c a d e m i a  d e i  L i n c e i ,  1 S 8 S , a n d  in  m y  j o u r n a l ,  A r c h iv e s  i t a l i e n n e s  d e  
B i o lo g i e ,  t o m e  x i i i .  p .  2 2 6 .
3 G .  M a n c a ,  Influence du jeûne sur la force musculaire. A r c h iv e s  i t a l i e n n e s  d e  B io lo g ie ,  
t o m e  x x i .  p .  2 2 1 .
in these persons a m orb id  excitem ent w hich m anifests itself in  the tem porary  
increase o f vigour. T h is  explains the resistance observed  in m any ind iv i­
duals, who after having fasted for tw enty-four hours have been  aston ished  to 
find them selves less weak w hen w alking th an  they had  th o u g h t w ould be 
the case.
Professor A ducco w rote w ith th e  ergograph th e  tracing  a  w ith th e  left
A.
F i u .  3 9 . — P r o f e s s o r  A d u c c o . -  
A. N o r m a l  f a t i g u e - c u r v e .
- E r g o g r a p h i c  t r a c in g s .
H. F a t i g u e - c u r v e  a f t e r  a  f a s t  o f  2 6  h o u r s .
hand, raising a w eight of th ree  kilogram s every two seconds (Fig. 39). A fter 
twenty-six hours o f rigid fasting he w rote th e  second  tracing  it, the  sam e w eight 
being raised. T h e  form o f th e  curve is no t changed  b u t the m echanical 
work accom plished  is greater. A bou t seven con trac tions m ore are  per-
A. II.
I'll',. 4 0 .  —  U r .  C o l l a . — E r g o g r a p h i c  c u r v e s .
A. N o r m a l  f a t i g u e - c u r v c .  B. F a t i g u e - c u r v e  a f t e r  4 1  h o u r s ’ f a s t .
form ed a t the beginning o f the second  curve w ithout any sign of d im inution  
m anifesting itself, w hereas the norm al fatigue-curve exhibits less vigour.
Dr. Colla raised  three kilogram s w ith th e  m iddle  finger on the  left hand  
every two seconds, tracing  the norm al curve a  of Fig. 40. A fter fasting 
for forty-one hours, the curve b of the sam e figure was w ritten. H ere, too,
th ere  appears an augm enta tion  of streng th  at the beg inn ing  and  at the end 
o f th e  curve. T h ese  tracings have been  reduced  by one-th ird  in  the  process 
o f reproduction .
T h e  first sym ptom s of hunger are the m ost painful. T h ese  d isappear 
after a  w hile and  one feels better. I, too, have often fasted by way o f 
experim ent for tw enty-four hours, an d  have, a t the  end  of th a t tim e, felt 
m yself in  a  b e tte r cond ition  than  I h ad  though t possible.
T h e  resistance to  fasting being  o f such ind iv idual diversity, it follows tha t 
each  one, before undertak ing  an  expedition  o f any length  in th e  m ountains, 
m ust find ou t for h im self w hat are the capabilities o f his organism . F urther, 
we m ust bear in m ind  tha t as th e  fatigue o f an  ascen t w eakens th e  activity  of 
ou r digestive organs, we m ust be careful never to  overload th e  stom ach 
on m oun taineering  excursions.
IV .
A m ongst all the organs o f the body the stom ach  presen ts perhaps the 
g reatest variations in its activity. T o  h ide  our ignorance we say th a t the 
stom ach  is a  capricious organ. T h is  exp lanation  m ay satisfy a pa tien t, bu t 
for th e  physiologist no such caprices o f th e  organism  exist. T h ere  is a 
reason for everyth ing an d  every phenom enon  is the  effect o f a  cause. B u t as 
we do n o t know  these causes we m ust resign ourselves to  look upon these 
phenom ena as upon th e  changes o f th e  w eather, convinced  in  both  cases 
o f th e  existence of causes w hich we have no t yet discovered.
A ll know  th a t the  health iest an d  strongest m en nourish  them selves in 
various ways an d  th a t w hat agrees w ith one, m ay cause suffering to  another. 
A s a  ru le we eat too m uch, m uch  m ore th an  is necessary ; accustom ed as 
we are to feel b e tte r after eating  th e  d istension  of th e  stom ach becom es at 
leng th  a  factor in our well-being.
T h e  Irish , w ho live principally  on potatoes, canno t satisfy them selves with 
m eat w hen they go to w ork in  E ngland . T h is  is due  to  a nervous sensation  
in the  stom ach, consequen t on the previous exaggerated d ilation  o f this 
organ, w hich gives rise to  th e  belief th a t it is no t full. D uring  fam ines whole 
populations are know n to eat substances certain ly  w ithout nu tritive  p roperties 
and  which yet soo the th e  distressing sense o f hunger, because they m echani­
cally d is tend  th e  stom ach. Similarly, nervous persons feel from tim e to 
tim e the need  to eat.
T h e  stom ach  is n o t only im portan t on accoun t o f its nerves a n d  its 
d igestive function, bu t also from  th e  p o in t o f view of the circulation  of 
th e  blood. M any phenom ena  w hich are  a ttrib u ted  to  the digestion, a re  due, 
on the contrary , to  a  different d is tribu tion  of th e  b lood in th e  inner parts of 
the body. As a p roof o f th is I  com m unicate  an  experience w hich doubtless 
m any have had. W hen  we chance to sm oke too strong  a  cigar, we feel ill 
— this is a t least the case w ith m oderate  sm okers such as I  am . Som etim es 
we feel a  little  nausea an d  dizziness. I f  the  sm oker then  drinks a glass o f 
fresh water, th e  indisposition  im m ediately  d isappears. M y opinion is th a t 
this phenom enon  has its origin solely in the blood-vessels. T h e  augm ented  
pressure of the b lood is due  to  th e  contrac tion  of the  vessels o f th e  stom ach 
a n d  in testines, an d  1 have proved  by m eans of the sphygm om anom eter tha t 
w hen one sm okes a  strong  cigar an d  begins to  feel indisposed, th e  pressure 
o f th e  b lood dim inishes, increasing  im m ediately  w hen one drinks a glassful 
o f fresh water.
E ven when a wine-glassful o f cognac is d runk  I  have seen th e  pressure 
of th e  b lood augm ent for a  few m inutes. T h e  tem porary  feeling o f well­
being w hich alcoholic liquors p roduce  in som e individuals w ould therefore  
appear to  be a  reflex phenom enon , th a t is, a  con trac tion  o f the  blood-vessels 
which, in augm enting  the  pressure o f th e  b lood  for a  few m inutes, m akes us 
feel better. T h e  use o f a rom atic  v inegar o r am m on ia  in  cases o f ind isposi­
tion o r fainting has th e  sam e physiological reason.
T h e  influence o f food on th e  pulse I m ade the  sub jec t o f one of m y 
earliest investigations.1 I m ake m en tion  o f th is because  of the  in tim ate  
connection  o f those researches w ith the question  a t p resen t u n d er considera­
tion. In  studying th e  pulse o f th e  forearm  w ith th e  hydrosphygm ograph, I
l ' i o .  4 1 .  —  P r o f e s s o r  A l b e r t o t t i .  A . P u l s e - c u r v e  d u r i n g  f a s t i n g ,  l ì .  P u l s e - c u r v e  i m m e d ia t e l y
a f t e r  e a t i n g .
saw th a t th e  tracings after lunch  w ere qu ite  different to those  taken  in the 
m orning before th e  sub jec t had  broken  his fast.
T h e  two sub jo ined  tracings (Fig. 41) show P rofessor A lb e rto tti’s pulse 
at 11 a.m . before, an d  a t 2 p .m . after lunch. T h e  ra te  o f th e  pu lse w hich 
was 68 to the  m inu te  while the sub jec t was fasting, has risen in  th e  second  
curve to 86.
T h is  suffices to  show th a t even a ligh t lunch  exercises an  influence on the 
heart and  to n e  of th e  blood-vessels.
F i g . 4 2 . — P r o f e s s o r  L u i g i  P a g l i a n i .  A . P u l s e - c u r v e  d u r i n g  f a s t in g ,  b . P u l s e - c u r v e  i m m e ­
d i a t e l y  a f t e r  e a t i n g .
C urve A o f Fig. 42 is Professor Luigi P ag lian i’s pulse-curve before lunch, 
11 the pulse-curve after lunch, w hich was taken  in com pany  w ith o thers a t 
the laboratory, so as to  exclude th e  possibility  o f th e  pulse being  altered  by 
walking.
T h e  change w hich food p roduces in the  form  o f the pu lse  is sim ilar to  
that caused by fatigue. T h is  resem blance arouses surprise ; it  seem s a t first 
as though the effect should  be  th e  reverse. I f  we com pare th e  tracings b,
' A. Mosso, Sulle variazioni locali del polso. R. Accademia delle Scienze di Torino, 
Novembre 1877. Die Diagnostik des Pulses, Leipzig, 1879.
Fig. 41, a n d  u, Fig. 42, taken  after breakfast, w ith my pulse-curve taken  after 
the ascen t o f the V incen t Pyram id, w hich was perform ed fasting (see Fig. 25, 
p. 53), we see th a t in bo th  cases the pulsations becom e higher, an d  tha t 
tow ards th e  m iddle  of th e  descending  line a  secondary  so-called dicrotic 
elevation appears. • As fatigue d ila tes the blood-vessels in th e  m uscles and  
produces a  certain  degree o f anrem ia, due  to  th e  congestion  of these organs, 
so during  digestion there  is a  sim ilar w ithdraw al o f the blood, w hich flows 
m ore copiously to th e  stom ach  an d  in testines, an d  thus th e  sam e effect on 
the pulse is p roduced.
T h is  is one explanation  of the resem blance of th e  pulse-curve during  
d igestion and  fatigue. B ut again, the p roducts o f the substances digested  
generate  effects sim ilar to those due  to  fatigue w hen they penetra te  in to  the 
blood. T h e  problem  is still m ore com plicated  by th e  fact th a t nervous 
phenom ena, m ore than  all others, m odify th e  circulation  o f the blood. In  
fact th e  variations of the pulse, like the increased  m uscular force observed  in 
Professor M aggiora, appear im m ediately  after eating, before the liquids and  
substances in troduced  in to  th e  stom ach have had  tim e to  becom e absorbed . 
T h is  observation  leads us to th ink  th a t we have here  to  do  w ith an  essentially 
nervous phenom enon, an d  w ith a  change in  the  circulation  of th e  b lood 
w hich m odifies ou r sense o f bodily well-being or indisposition , w ithout a 
co rresponding  chem ical a lteration , o r a change in  the nu trition  of th e  tissues.
V.
Fatigue alone suffices to  influence the  activity  o f th e  stom ach. Professor 
L auder B run ton  in a valuable w ork 011 disorders o f th e  stom ach  1 says tha t 
there  are som e ill-advised persons who th ink  th a t exercise after a day  of hard  
brain  work does them  good, an d  who, therefore, in stead  o f resting  w hen they 
have a  little free tim e, take a th ree  or four m ile walk o r a  long ride on  their 
bicycle before d inner. T h e  consequence of this is, Professor B run ton  con ­
cludes, tha t overstrain  of the m uscles being ad d ed  to  th a t o f th e  brain, diges­
tion  is spoilt and  indisposition  ensues.
Zsigm ondy says th a t “ in th e  m ajority  o f cases m ountain-sickness is solely 
due  to  gastric obstruction , because th e  tou rist com ing from th e  tow n has no t 
yet accustom ed  him self to m oun tain  regim en.” 2
T h is  opinion o f Zsigm ondy, shared  by the m ajority  of A lpinists, will 
undergo a  gradual m odification in p roportion  as bicycle races ren d er th e  fact 
m ore generally know n th a t stom achic  d is tu rbances, nausea, an d  vom iting are 
p roduced  in  th e  plain as well after a race o f six o r seven hou rs’ duration . 
Fatigue is th e  cause o f these d is tu rbances ; an d  it is scarcely necessary to 
rem ind  the reader th a t no t all individuals suffer in th e  sam e degree from 
fatigue.
Dr. I. Salvioli m ade a  series o f researches in  my laboratory  on the 
influence w hich fatigue exercises on d igestion .3
T h e  results o f this investigation  were : T h a t fatigue produces a d im inution 
in th e  quan tity  o f th e  gastric ju ice  ; th a t the gastric juice secreted  loses m veh 
o f its digestive properties ; th a t the alim entary  substances pass from  the
1 T .  L a u d e r  B r u n t o n ,  On disorders o f digestion, their consequences and treatment. 
L o n d o n ,  1 S 8 6 , p .  6 6 .
- E .  Z s i g m o n d y ,  Les dangers dans la montagne, 1 8 8 6 ,  p .  1 8 0 .
3 I .  S a l v io l i ,  Influence de la fatigue sur la digestion stomacate. A r c h iv e s  i t a l i e n n e s  d e  
B io lo g ie ,  t o m e  x v i i .  p .  2 4 9 .
stom ach in to  th e  in testines before being digested. F atigue therefore  p ro ­
duces a  series o f a lte ra tions in the stom ach , an d  recen tly  C ohn  has confirm ed 
the sta tem en t th a t tiring  m ovem ent h inders d ig e s tio n .1
We m ust not, therefore, follow too  readily  the  advice o f th e  guides, still 
less so th a t o f th e  Swiss guides, who are  accustom ed  to  ea t every th ree  hours. 
W e m ust ca t only w hen we are  hungry, an d  pay no heed  to  o thers in this 
respect. A bove all, we m ust no t allow ourselves to be persuaded  by the 
guides to  d rink  too m uch. F o r th e  la tte r it is an  occasion for rejoicing 
when they  find liquor and  w ine in abundance . Zsigm ondy, who had  had 
great experience o f guides, has left the  following w arning in his w ritings :—
“ I believe tha t a lcohol is a  factor in  the dep lorab le  acciden ts on the 
m ountains. T h e  sense o f w ell-being produced  by alcohol is exceedingly brief. 
T he  po tato  w hich we ea t gives m ore heat an d  m ore streng th  than  the  alcohol 
which is distilled from it.” 2
I have seen persons suffer from m ountain-sickness w hose stom ach  was 
quite em pty, and  who had  eaten  w ith good appe tite  the day before. W hile I 
was a t G nifetti H u t som e travellers arrived from the C ol d ’O len, fasting and  
in good condition . T hey  w ent as far as th e  Col d u  Lys, w here they halted  
because of stom achic  d is tu rbances an d  nausea. T h ey  re tu rn ed  in th e  even­
ing, a te w ith us, and  in th e  m orning, w ithout having been  in th e  least troub led  
by digestive disorder, s ta rted  in high spirits for G ressoney.
O ne need no t be a physiologist in o rder to  convince o n e ’s self tha t 
fatigue influences digestion. In  consequence  of an  ascen t o r pro longed  walk 
the quantity  o f in testinal ju ices continually  secreted  by the g lands becom es 
less. I f  an in tense co ld  does no t p roduce  in testinal d is tu rbances one gene­
rally suffers from constipation  during  an  ascent. A tten tive  observation  will 
confirm the s ta tem en t th a t th e  greater hardness o f th e  fæces is no t due  to 
their rem aining longer in th e  rectum , no r yet because less liqu id  has been 
drunk. E ven w ithout having any special know ledge of th e  processes of 
decom position taking p lace in ou r body, we often becom e aw are o f an 
abnorm al s ta te  o f the digestive system  from th e  characteristic  an d  unusual 
odour of the in testinal gases.
I t m ay be though t th a t th e  loss o f appetite  is due  to  fatigue fever, b u t  
this is no t the case ; for on M onte R osa I have found  an  alm ost n o rm al 
tem perature in persons whose loss o f appe tite  was such th a t they  felt a repug­
nance to food.
V I.
All those who have perform ed ascen ts will have no ticed  th a t taste alters 
when the m ountain  sum m its are reached . Professor U lrich  in his descrip  
tion of his ascen t o f M onte R osa rem arks th a t a t a  certa in  heigh t a greater 
quantity  o f salt m ust be ad d ed  to  th e  food, w hich is otherw ise insipid, and  
suggests taking only salted  or sm oked m eat on m ountaineering  expeditions.
T h e  proverb says, “ T h e re  is no accoun ting  for tastes,” an d  were I to  
relate all th a t A lpinists have told m e w hich bears ou t th e  d ictum , th e  d isser­
tation would be lengthy. All, however, a re  agreed  th a t taste  changes, an d  
tha t it m ust be stim ulated  by p iq u an t flavours. T his, too, is an effect o f 
over-exertion. W e d id  no t experience th is change during  our so journ  in th e
1 F .  C o h n ,  l  'eher den Einfluss m "ssigcr Körperbewegungen a u f die Verdauung. D e u t s .  
A r c h .  f. k l in .  M e d .  x l i i i . ,  2 3 9 ,  2 5 0 .
2 Op. cit., p .  1 7 9 .
R egina M argherita  H u t w hen we were well rested. O nly a t first som e of 
us lost ou r appetite, b u t it re tu rned  w hen we had  recovered an d  acclim atised  
ourselves.
Saussure had  a sim ilar experience during  his so journ  a t the C ol du 
G éant, w here he  stayed for sixteen days. H e  says th a t w hen he and  his 
party  arrived, all suffered from abso lu te  loss o f appetite , w hereas afterw ards 
th e  process o f d igestion was perfect. “  H u n g er seem ed to  us m uch m ore 
d istressing  and  im perious, an d  yet tve were m ore easily satisfied, and  diges­
tion  seem ed to  p roceed  w ith g reater p rom p titude  than  in  the p la in .” 1
T hey  were, it is true, a t an  a ltitude  of only 3,365 m etres, where, a  century  
later, th e  Q ueen of Italy , overtaken by a violent storm , was obliged to  pass 
the night, and  d id  no t experience the least suffering.
A  year before we undertook  th e  ascen t o f M onte R osa, my b ro ther and  
Dr. P a o le t t i2 found th a t sugar has th e  p roperty  of augm enting  m uscular 
force. T h e  researches w ith the ergograph show th a t a  g rea ter m anifestation 
o f energy may be ob ta ined  from th e  tired  m uscle if the  sub ject d rinks a  glass 
o f sugared water. T h e  m ost advantageous so lu tion  w ould appear to be that 
o f  one p art sugar to  ten  parts water. T h is  dynam ogenic property  o f sugar 
explains the usually g reater consum ption  of honey and  saccharine substances 
in  th e  A lps than  in th e  plain.
T h e  exam ination  o f the  dynam ogenic action  o f sugar during  ascen ts was 
in  ou r program m e o f investigations, an d  my b ro ther m ade several experim ents, 
which, however, were in terrup ted  by bad  w eather, and  by our o th er researches 
on th e  chem istry o f respiration.
I have seen A lessandro  Sella, who, as a  rule, never took sugar, even in 
coffee, eat it in  ab u ndance  in the m ountains. H is  father, he to ld  me, used 
to  do  th e  sam e, even keeping a  supply o f pieces in his pocket. In  th is 
im perative desire we recognise th e  voice of na tu re  ind icating  the regim en to 
be followed d u ring  exertion, for I have never m ade sim ilar observations w ith 
respect to  m eat an d  o ther a lbum inous foods.
Before m e lies th e  provision list o f ou r expedition  : its item s are  in no 
way rem arkable , being such as are  usual on sim ilar excursions. W e took 
w ith us a  goodly sto re  of N aples m acaroni, o f w hich we partook alm ost 
every day, rice, d ried  pulse, num erous canisters o f preserved fruits an d  vege­
tab les an d  boxes o f biscuits. In  draw ing up  the culinary list before the 
s ta rt we took care to p rovide for the variation o f th e  dishes, in view o f th e  
p robab le  d im inution  of appetite. As it was my in ten tion  to  m aintain  as far 
as possible the sam e regim en on the heights as in th e  plain, we took m eans 
to  provide ourselves continually  w ith fresh m eat, even while we were in the 
R eg ina  M argherita  H u t. A t an  a ltitude  of 2,515 m etres, a t In d ra  A lp, we 
began to  kill sheep, w hich we bough t from th e  shepherds, for ou r daily use. 
L ike good P iedm ontese, we often a te  po len ta .3 W e had  been to ld  th a t a t a  
heigh t o f 4 ,000 m etres it is no t possible to  cook it properly, bu t th is is not 
th e  case. T h e  boiling-point o f w ater on M onte R osa is a t 85°, and  this 
tem pera tu re  m ore th an  suffices to  cook th e  po len ta  excellently.
Should  any one be  inclined  to  th ink  th a t th e  stom ach  no  longer perform s 
its functions w ith regularity  a t an  a ltitude  o f 4 ,560 m etres, I need  only say
1 Saussure, Voyages dans les Alpes. Tom e iv. p. 318.
° U . Mosso et L. I’aoletti, Influence du sucre sur le travail des muscles. Archives 
italiennes de Biologie, tome xxi. p. 293.
3 Ground Indian corn boiled in salted w ater to a  stiff porridge. I t is usually eaten with 
butter and grated Parm esan cheese. Cold polenta may be fried in slices in butter.—Trans.
tha t I  a te  double rations a t d inner, as, for instance, one day, a large portion  
of tinned lobster seasoned w ith oil an d  lem on an d  ea ten  w ith th ree  o r four 
slices o f fried polenta, som e bo iled  m eat w ith salad of preserved F ren ch  beans 
and cucum bers, cheese and  d ried  fruits.
I could scarcely have sub jected  my stom ach  to  a  severer test, and  yet I  
had no subsequent reason to  regret th e  experim ent. L a te r in  th e  evening we 
took coffee or tea, while th e  soldiers sang an d  p layed on th e ir instrum ents. 
I t  was, I believe, very good for ou r health  th a t we always a te  warm food. 
In  the m orning as soon as we were up we d rank  plenty  o f coffee, m ilk, tea, or 
chocolate. As far as G nifetti H u t we always had  fresh cow’s m ilk, w hich was 
brought to  us from the m eadow s beneath  ; afterw ards we m ade use o f con ­
densed milk. A t m idday an d  in the evening we also  a te  w arm  food. I 
consider it o f rigorous necessity on th e  A lps to  avoid w ithdraw ing too  m uch 
heat from the organism  by eating  an d  d rink ing  cold foods an d  liquids.
Senator Perazzi, a  no ted  m oun ta in  clim ber, once to ld  m e th a t he  never 
suffered from m ountain-sickness b u t once, an d  th a t was a t M on t C ornbin, 
where he had passed th e  n igh t in an  A lp hut, an d  w here, on leaving in the
morning, he had  no t been  ab le  to  get any th ing  w arm  to  drink.
O ur rule was to  eat and  d rink  as usual. E ach  o f us in tu rn  presided  over 
the culinary operations. M arta  an d  C en to  w ere very fair cooks ; th e ir efforts 
reconciled m e to eating  m utton , to  w hich I was no t accustom ed, an d  w hich I 
digested, a lthough  I d isliked its odour.
A sure p roof th a t ou r regim en was norm al is given by th e  tab le  show ing 
the weight o f m em bers o f the party  (see p. 271). B eno Bizzozero gained  in 
weight, and  none o f us lost, in sp ite o f th e  m ore active life.
V II .
O ur excellent sta te  o f health  a t an a ltitu d e  of 4 ,560 m etres con trasts  
strangely w ith the sufferings undergone by D r. Egli-Sinclair a n d  Dr.
Guglielm inetti a t a  heigh t o f 4,365 m etres (ab o u t 200 m etres low er) in
Val lot H u t on M ont B lanc. A  still m ore strik ing  con trast is fu rn ished  by 
a com parison of L ew instein’s recen t observations on rabb its  1 an d  our own 
experiences. T h ese  anim als d ied  from fatty  degeneration  o f th e  heart and  
other organs, w hen they were k ep t for only two or th ree  days in an  enclosed 
space in w hich th e  p ressure o f th e  a ir was reduced  to  only a  little  less than  
one-half.
This observation  m erely serves to  show, I th ink , th a t experim ents per­
formed under th e  pneum atic  bell differ too w idely from th e  life on the 
Alps to ensure reliable results. Indeed , we know  th a t rabb its  kep t in  the 
Observatory of th e  P ic  du  M idi a t a  heigh t o f 2,877 m etres throve so well 
that they littered .2
I have often seen guinea-pigs eat w ith appetite  a t a  p ressure co rresponding  
to a height o f 6,400 m etres. D r. Scofone, assistan t o f Professor G iacosa, 
took some cocks up  to  the R egina M argherita  H u t, an d  found no difference 
in their organic change a t th a t height. I  found rats in G nifetti H u t (alt., 
3,647 m etres) th a t rem ain  there  all th e  year it seem s, an d  m ultiply. 
Lewinstein’s experim ents are too  com plica ted  to  p erm it o f th e  positive con­
clusion tha t rabb its succum b w hen th e  a tm ospheric  p ressure is d im in ished  
by one-half.
1 Lewinstein, Archiv, fü r .  gesam. Physiologie, vol. lxv.
2 Regnarci, La cure cP altitude, p. 125.
Before we s ta rted  on our expedition  I had  m ade arrangem ents for the 
supplies o f fuel to  be taken. A  friend recom m ended  our tak ing  coal-bricks, 
as wood m akes too m uch  ash. I t  is true  th a t for th e  p roduction  of the  sam e 
degree of hea t w ood costs m ore than  coal and  is less easily carried, bu t once 
we had  reached  the heigh ts I  becam e convinced th a t w ood is th e  best k ind 
o f fuel for those  regions. O n storm y days, such as we experienced several 
tim es, we should, I  th ink, have been  obliged to extinguish  the stove in order 
to  escape suffocation had  we m ade use o f coal or coke.
All who suffer from  m ountain-sickness becom e extrem ely sensitive to 
k itchen  odours. Som e suffered to  such a degree th a t they  preferred  to  go 
o u t o f the  h u t w hile we o thers were eating, o r else they w ent in to  the o ther 
room s in  o rder to  escape fum es which, if no t precisely agreeab le  to  us, 
certain ly  d id  no t sicken us as they  d id  th e  sufferers.
I d id  no t m ake any  special researches on th e  quality  an d  quan tity  o f foods 
hygienically m ost advisable du ring  ascen ts and  living in the m ountains. As 
a  physician I m ust, however, say a  w ord or two on the opinion of certain  
A lpinists who th ink  it necessary to  eat a lot o f m eat an d  fat foods in order to 
p ro tec t them selves from  th e  cold an d  increase th e ir strength . T h e  only 
advantage of a m eat d iet is th a t a  lesser volum e o f  food is sufficient for our 
needs.
A  p roo f th a t it is no t necessary to  ea t m eat in o rder to b e  strong  is 
furnished by th e  Ita lian  labourers, especially the peasan ts o f L om bardy, who 
are  m ost industrious and  whose d iet consists of little  else bu t polenta.
In  E ng land  I no ticed  th a t th e  hardest w ork in th e  ironw orks was per­
form ed by Irishm en , w ho eat little  m eat. O ne o f th e  heaviest tasks is th a t 
o f th e  m etal-carriers. T h ese  w orkm en, who w ear lea ther aprons reach ing  to 
th e  knee, a n d  w hose hands are  sim ilarly p ro tec ted  w ith leather, seize iron 
bars w eighing over sixty kilogram s an d  often still hot, raise them  h igh up  and  
b reak them  by bringing them  dow n w ith a crash upon a  stone or one upon 
another. I  ta lked  to  these w orkm en a n d  learn t th a t the ir d ie t is m ore 
vegetable than  anim al.
I conclude, therefore, th a t one should  no t a lte r one’s regim en w hen living 
on th e  A lps. E ven  w hen one proposes to  undertake  great exertions, it is 
b e tte r to  ad h ere  to  th e  d ie t to w hich one is accustom ed.
A ll travellers in C en tra l A sia acknow ledge th a t the  coolies, who cat only 
rice, a re  as strong  as E uropeans, an d  oppose as great a  resistance as we do to 
th e  cold and  rarefied a ir of th e  H im alayas. T h e  G oorkhas carry four myria- 
gram s on the ir backs with th e  sam e ease as E uropeans carry two. Conway 
perform ed th e  ascen t o f M ont V iso w ith two G oorkhas, to  w hom  he gave a 
load of th irty  kilogram s each. T hey  clim bed  to  th e  sum m it w ith this weight, 
a n d  an  eye-witness to ld  m e th a t they  ascended  tranqu illy  w ithout perspiring.
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C H A P T E R  IX
THE TEMPERATURE OF THE BODY— CLASSIFICATION OF MOUNTAIN-CLIMBERS
I.
I T  was form erly though t by physiologists th a t the  chem ical energy of the muscles was first transform ed in to  hea t an d  th en  in to  m echanical energy, a process resem bling th a t in  steam  or gas engines. S ince the 
researches of Pfliiger an d  P ick  it is now usually  ad m itted  th a t chem ical 
energy is transform ed directly  in to  the m echanical w ork of the m uscles, 
producing their contraction .
T o  use a technical w ord (now en tered  in to  com m on use) we m ay say tha t 
the muscles do  no t resem ble a  therm odynam ic  bu t a  cliem odyiiam ic  m achine.
T h e  chem ical energy con ta ined  in food accum ulates little  by little  as 
nutrition proceeds, in th e  nerve-cells, the  m uscular fibres and  in all the  
tissues of the body in th e  form o f organised  m atter. T h is  chem ical energy 
which was in the  food and  has subsequently  becom e substance  of our body, 
rem ains inert for a  g reater or lesser length o f tim e, in a  sta te  o f la ten t power, 
enclosed, as it were, w ithin the tissues in a  s ta te  o f tension. U n d e r the 
impulse of the nervous system , a t a  given m om ent, the organic m atte r o f the 
muscles and  of the brain  itself becom es d isin tegrated , giving rise to  a 
physiological activity, to  the force o f th e  m otor centres an d  of th e  m uscles.
O ne part o f this energy is d issipated  in th e  form o f heat, and  diffuses 
itself through th e  organism , w hich is thus w arm ed. Scarcely any one now 
holds the opinion th a t the hea t o f ou r body is transform ed in to  m echanical 
work. Physiological w ork leaves heat beh ind  it as a  residuum  ; b u t th is is 
not the cause o f the nervous functions, ra th e r the last m anifestation , the  soot 
and scoriæ, so to speak, o f th e  physiological work.
We have two m eans o f studying  th e  transform ations w hich take place in 
our body during an  ascent. W e m ay collect th e  scoriæ  and  d isin tegrated  
substances as d id  F ick  a n d  W islicenus. T h e  substance o f our cells becom es 
transform ed and  sim ilar to inorganic m atter in p roportion  as life and  move-
m ent are developed ou t o f them . T h e  b lood  itself becom es wasted, as is 
show n, during  ascen ts for instance, by th e  m ore redd ish  co lour o f the urine. 
T h e  o th er m ethod  of study consists in th e  m easurem en t o f the in ternal heat 
accom panying  the  work of the ascent. T h e  first m ethod  has been  adop ted  
by Professor Z untz and  his son, Drs. A. and  F. Lcewy an d  Schum burg, 
w hose recen t investigations on M onte R osa on th e  residua o f th e  hum an 
body have co n trib u ted  a  new chap te r to th e  physiology of m an on the  A lps.1 
By th e  second  m ethod  I perform ed several experim ents, w ith an  explanation 
of w hich I shall detain  the reader for a  few m om ents.
I t  is a  law th a t the  p roduc­
tion  of heat accom panying the 
transform ation o f energy d u r­
ing an ascent, is no t p ropor­
tional e ither to  the duration  
or to  the  in tensity  o f the 
m echanical w orkaccom plished 
by the muscles. As a d e ­
m onstration  o f th is I  com ­
m unicate th e  following experi­
m ent.
A t V al T o u rn an ch e  I 
selected  a  stu rdy  po rter of 
w hom I had  already m ade 
use in o ther researches on the 
B reithorn . I  de term ined  to 
study  the change of tem pera­
tu re  in  th is m an  a t the end  of 
Septem ber, w hen he was in 
good training, an d  then  again 
a t th e  end  o f the w inter.
I w ent to  Breuil and  m ea­
su red  off a heigh t o f 400 
m etres betw een Avuil and  
C hapellette . F o r the sake of 
brevity I com m unicate  one 
only o f th e  repeated  experi­
m ents then  m ade. T h e  sub­
jec t w eighed 74 kilogram s 
and  carried  a  load of 40 kilo- 
F ig . 43 —Carrying-frame on Sella m odel. gram s in a carrying-fram e 2
on his back. In  this ex­
perim ent, perform ed in  th e  m orning, his in ternal tem pera tu re  rose from 
37-i°  to  37'5°. T h e  tem pera tu re  o f th e  air was 12°, the sky cloudy an d  a 
light w ind blowing.
1 A. Lœwy, F . Lœ w y and Leo Zuntz, Ueber den Einfluss der verdünnten L u ft und des 
Hi henclimas a u f  den Menschen. Pflüger’s Archiv f. d. ges. Physiologie, Ed. 66, p. 477.
- I insert an illustration of this carrying-frame, which I consider indispensable to all those 
undertaking expeditions over the glaciers. T he model is that of V. Sella, and has been 
tested by him with satisfactory results on the most difficult ascents in the A lps and Caucasus 
M ountains. This carrying-frame surpasses all o ther means I know  of for the  transport of 
instrum ents and provisions to great heights. T he weight of the whole frame with the 
leather thongs for strapping on, &c., is 1,800 grams. (V. Sella, N el Caucaso Centrale, 
B ullettàio del Club Alpino Italiano, 18S9, p. 314.)
In  M ay of the following year I w rote to  th e  m an, w ho thereupon  cam e 
to T urin . W e w ent by rail to  Sassi, d is tan t 400 m etres in  a  vertical line 
from Superga. T h e  road w hich unites these two poin ts is 3,900 m etres long, 
easier and  less steep  therefore th an  th a t betw een A vuil an d  C hapellette, the 
height rem aining the sam e. T h e  tem pera tu re  o f the air was 20° W e sta rted  
at 4.7 p.m., and  arrived a t Superga a t 5.21, the sub jec t carry ing  th e  sam e 
weight of 40 kilogram s. H is  rectal tem perature, w hich was 37 '2° a t Sassi, 
was 390 when wre reached  the Superga H otel.
T he  exertion of this ascen t p roduced  therefore a  feverish condition , 
whereas eight m onths before the sam e w eight being carried  a n d  the sam e 
mechanical work accom plished, th e  in te rna l tem pera tu re  had  rem ained  w ithin 
physiological lim its. T h e  efficacy of th e  chem ical consum ption  an d  o f the 
mechanical work execu ted  by our m achine, is a  value w hich varies greatly 
according to  the cond itions in  w hich we are  situated .
T rain ing  is an  unconscious in struction  w hich we give to  th e  nervous 
system, w hich is thus taugh t to  effect th e  con trac tion  o f th e  m uscles w ithout 
any unnecessary expend itu re  of chem ical work.
I I .
I t  is certain , therefore, th a t th e  sam e person, accom plish ing  th e  sam e 
am ount o f work does no t always p roduce  th e  sam e am oun t o f heat. F u rther, 
different persons perform ing th e  sam e am oun t o f w ork a t th e  sam e tim e and  
under the sam e conditions, do  no t p roduce  th e  sam e am ount o f heat.
T hree  m edical students, th e  Signori C hiesa, Forni, an d  V entrin i, assisted 
me in these investigations. I gave to  each o f these gen tlem en  a  m axim um  
therm om eter 1 w hich had  been com pared  w ith a B aud in  therm om eter, and  
for three days in  succession they took the ir tem pera tu re  five tim es daily. T h e  
averages o f these observations are  given in th e  tab le  below .2
T he  norm al tem pera tu re  a t various hours o f th e  day being thus ascerta ined, 
the subjects began a series o f walks from  Sassi to Superga on th e  high road
1 For my first physiological investigations on the Alps I constructed an apparatus for 
measuring the tem perature of the urine.* T his m ethod may be advantageous in certain  
circumstances ; I followed it in determ ining my internal tem perature during  an ascent of 
Mont Viso. T he results agreed w ith those obtained by m easuring the tem perature o f  the 
organism in the rectum. T he m ethods often followed by Alpinists o f placing the therm o­
meter under the tongue or in the arm -pit are unreliable. In order to give an idea o f the 
errors incurred in the study of the tem perature during ascents, I instance L ortet and M arcet 
who found that the body cooled during an ascent of M ont Blanc. If  the tem perature had 
been measured in the rectum instead of in the m outh, an increase would certainly have been 
found. The cold air passing through the nose, and the more rapid breathing had produced 
a cooling of the m outh, although the tem perature in the deeper parts of the body was certainly 
greater.
* A. Mosso, Sopra un metodo per misurare la temperature dell' orina. R. Accademia 
dei Lincei, 3 giugno, 1877. 1
3 A v e r a g e  T e m p e r a t u r e  o k  t h e  S t u d e n t s  C h i e s a , F o r n i , V e n t r i n i .
Names.
Time.
W eight of Body.
5. a.m. 9 a.m . 12 a.m. 3 P m. 6 P " 1' 9 p.m.
Chiesa ................ 36-9° 37 '2° 37'2° 37-6° 37' 5° 37° 65 kilograms.
F o rn i... 36'b" 36S» 36-9° 37° 37'3° 36-80 j 60 90 „
Ventrini 1 36'9 37° 37° 37' 3° 37‘i° 37° , 61-40
which, as I have already m entioned, rises 400 m etres per leng th  of 3,900 
m etres. F rom  th e  following table  o f observations we see th a t even short walks 
m ay cause a  considerab le  augm enta tion  o f the in ternal tem pera tu re  when we 
are  no t in  training. In  V en trin i th e  tem pera tu re  rose from 37'3° to  39'5°. 
T h ere  was thus an  increase of 2'2° w hich am oun ted  to  ac tua l fever, an d  this 
no tw ithstanding  tha t the pace kep t had  been  m oderate, no w eight carried, and  
th a t th e  tem pera tu re  o f the air was only o f 20°-2 2°. O n the 14th M ay the 
sam e walk produced  less heat in  the  sam e subject, his tem pera tu re  being only 
3S'5°, on M ay 16th it was less again, am oun ting  to  only 38'3°. W e see thus 
th a t train ing gradually lessens the increase o f tem pera tu re  after exertion.
C h a n g e s  P r o d u c e d  i n  t h e  T e m p e r a t u r e  o f  t h e  B o d y , i n  t h e  R a t e  o f  B r e a t h i n g  
a n d  P u i.s e  n v  a n  A s c e n t  o f  4 0 0  M e t r e s .
Date. Time.
T em perature. B reathing. Pulse.
Tem perature 
of th e  air.
U £ V
en
tri
ni
. 
j
5 £ V
en
tr
in
i.
I Ch
ie
sa
.
£ j V
en
tr
in
i.
May
7.35 a.m. D eparture from  Turin
Arrival a t Superga ... 38-15° 20 160
11.25 After r e s t in g ............... 3 7 4 ° 18 87
1,20 p *n i- Arrival in T urin 38-00 20 96
13 4.7 p.m. D eparture from  Sassi
Arrival a t Superga ... 38.80 38-5° 39'5° 29 38 34 135 99
7 49 » A fter r e s t in g ............... 37 '4° 3720 37*5° 26 ‘>5 79 758.49 „ Departurefrom Superga
9 0  „ Arrival at Sassi 37 '5° 37-6° 38-3°
Arrival a t Superga ... 38-00 37-80 3880 2(1 19
A fter r e s t in g ............... 36-90 36-9° 37‘7° 24 86 88 <)0
14 M oa.n i. A rrival in Turin 3690 37‘3° 37-1° 18 19 88 78 75
14 5.10a.m. D eparture from  Sassi
Arrival a t Superga ... 38-5° 3820 385° 118 87 200
7.I6 A fter r e s t i n g ............... 37-1° 37-4° 3780
16 7.26 a.m. D eparture from  Sassi
8.26 „ Arrival a t Superga ... 38-3° 23 90 1G0
In  a series o f sim ilar experim ents w hich 1 m ade w ith soldiers there was an 
average increase of the in ternal tem pera tu re  o f o ‘3° to o 's°, bu t it is needless, 
after th e  exam ple given a t th e  beginning of th e  chapter, to  m ake further sta­
tistical com m unications for the purpose o f show ing the efficacy o f training. 
T h e  m ountain-soldiers who were with m e on M onte R osa perform ed m axim um  
exertions during the ascen t alm ost w ithout any accom panying  change in the 
tem pera tu re  of the ir body, so different is the influence w hich the nervous 
system  exercises on the  chem ical processes o f the organism  in different ind i­
viduals, though  th e  am oun t o f m echanical work rem ains the same.
Forel, professor o f general physiology a t L ausanne, is the au th o r o f two 
m em oirs on the changes o f th e  hum an  tem peratu re  during m ountain-clim bing .1 
F u rth e r on I  shall have occasion to  quo te  from this work, certain ly  one of the 
m ost valuable con tribu tions to A lpine literature. In  studying the influence of 
the nervous system  on th e  an im al tem pera tu re  2 my b ro ther observed tha t
1 F .  A .  F o r e l ,  Experiences stir la temperature du corps humain dans Pacte de Pascension 
sur les montagnes. G e n è v e  e t  B à i e ,  1 8 7 1 ,  1 8 7 4 .
2 U .  M o s s o ,  Influenza del sistema nervoso sulla temperatura animale. A c c a d e m i a  d i  
m e d i c in a  d i  T o r i n o ,  1 S S 5 . Einfluss des Nervensystems a u f  die thicrische Temperatur. 
V i r c h o w ’s  A r c h i v ,  v o l .  e v i . ,  1 8 8 6 .
when we perform  a m arch the  tem pera tu re  first rises an d  then , though  the 
exercise is con tinued , progressively dim inishes, no tw ithstand ing  th a t we are 
still accom plishing the  sam e work. W e see th is from th e  foregoing table. In  
all three subjects, on th e  re tu rn  to  Superga, the  tem pera tu re  rem ained lower 
by o"7° and  o '8° than  it had  been  during  th e  p receding ascen t perform ed four 
hours earlier. T h is  is an o th e r p roof th a t th e  hea t p roduced  does no t corre­
spond to the work accom plished  by th e  m uscles. T h e re  is a  nervous excite­
ment which, alm ost like an em otion outside th e  th resho ld  o f consciousness, 
accom panies every m anifestation  o f nervous activity, and  renders every calcu­
lation of therm odynam ic equivalence im possible.
T he  m anifestation  o f th e  chem ical energy in th e  m uscles is th e  m ore 
perfect the less the la tte r becom e heated , and  the greater th e  work they 
accom plish. T h e  following exam ple will surprise  physiologists, for no one 
would have supposed th a t a m an could  perform  an am o u n t o f w ork so far 
surpassing the average, alm ost w ithout th e  least m odification o f th e  in ternal 
tem perature, no r tha t a t an a ltitude  o f 4 ,500 m etres, such m uscular exertion 
could be accom plished w ith im punity. I  refer to  C orporal Jach in i whom I 
hold to be one of th e  strongest m en, an d  the m ost perfect p iece of living 
m echanism  I have ever known.
On A ugust 10th he left th e  encam pm ent near L in t y H u t (alt., 3,047 
metres) and w ent dow n to G ressoney St. Jean  (alt., 1,375 m etres), to m eet 
the party o f soldiers com ing from Ivrea in o rder to accom pany them , 
together with an o th e r guide, to  the  R egina M argherita  H u t. A t 7.0 a.m . 
on the next day he had  re tu rned  to G nifetti H u t (alt., 3,620 m etres). O n 
the 12th he left w ith his com panions a t 5.40 a.m . an d  arrived at R egina 
M argherita H u t a t 9.7 p.m . H e  had  left G nifetti H u t with two m yriagram s 
of wood on his shoulder. W hen he and  his party  had  reached  th e  foot o f 
Gnifetti Peak, a  so ld ier called  C ham ois began to  feel ill, so C orporal Jach in i 
relieved him  of his knapsack  weighing iS  kilogram s, w hich he placed on his 
own carrying-frame. H e  then  left Iris com panions to  support the  sufferer, 
and clim bing the steep  glacier o f G nifetti Peak in a zig-zag line, he  reached  
the hu t before the o thers with a  load of ab o u t 40 kilogram s on his shoulder, 
including the w eight o f the carrying-fram e.
H e  knew th a t I  was desirous o f ascerta in ing  th e  tem pera tu re  after the 
greatest possible physical exertion, an d  so I exam ined him  a t once.
A t 9.10, th ree  m inutes, th a t is, after his arrival a t th e  hu t, the rectal 
tem perature was 37'4°. Pulse, 85. B reath ing, 26.
At 9.24, after having read a  le tte r w hich had  arrived  a t th e  h u t the day 
before, and  w hich he had  been eagerly expecting. T em pera tu re , 36■5°. 
Pulse, 74. B reathing, 18.
At 9.38. T em peratu re , 36'5°. Pulse, 73. B reathing, 18.
N otw ithstanding the ex traord inary  exertion  th e  tem pera tu re  o f his body 
had risen only a few lengths o f a  degree, an d  after a  q u arte r o f an  hour, in 
spite of a slight em otion, it had  re tu rned  to  the  norm al, w hich in him  is 3 6 ‘5°.
T he  effects o f tra in ing  do  no t a lone  explain th is  case. T h e re  m ust be 
besides a constitu tion  of such perfection  as physiology rarely m eets.
I I I .
W ere I called upon  to  classify a party  of m ountain-clim bers accord ing  to 
their strength I should  rep ea t the above experim ent. T h ere  is, I  th ink , no 
better m ethod of ascerta in ing  th e  relation  betw een nervous activity  and
m uscular work. T h e  therm om eter is in th is case a reliable instrum ent w here­
w ith an  estim ate o f th e  w orking fitness o f our body m ay be ob tained. T h e  
new ideas set forth a t the  beginning of the chap te r on the  origin o f anim al 
heat convince us th a t an organism  is the  m ore perfect, th e  less it becom es 
heated  in  accom plish ing a  given am oun t o f work.
I  do  no t p lace m uch reliance on th e  determ ination  o f the vital capacity  as 
a  m eans o f furnishing a  com putation  of th e  physical pow ers o f A lpinists, or 
ra th er I should  say, 1 do no t a ttrib u te  to  th e  statistical results ob ta ined  with 
the spirom eter th a t exclusive value w hich it is the  p resen t tendency  to  do. I  
have already said th a t m an inhales a quan tity  o f a ir w hich is m ore th an  suffi­
c ien t for his needs. O n the m ountains w here th e  air is rarefied it is no t o f 
m uch advantage to have lungs of m ore than  average size, if the heart grows 
languid  an d  the circulation  o f the b lood  slower.
W e know  th a t m ountain-sickness is no t due  solely to a lack o f oxygen. 
W ell-developed lungs m ay be o f som e advantage, but th is cond ition  alone 
does no t suffice to  constitu te  a  good m ountain-clim ber.
A no ther tim e the so ld ier Sarteur carried  20 kilogram s on his back  from 
L in ty  H u t to  R egina M argherita H u t. O n his arrival I  im m ediately  took his 
rectal tem perature , w hich I found to  be 37 ‘3° (that is scarcely tw o-tenths above 
th e  norm al o f th a t hou r on days w hen no  exertion  was called  for). I  felt full 
o f adm iration  for the perfection of th is living m achine. T h e  physiological 
ideal o f hum an  strength  is no t th a t o f th e  vulgar w hose app lause in the  circus 
greets a th letes deform ed by th e  hypertrophy  o f th e  m uscles.
Typical beauty  in m uscular con trac tion  is no t the m om entary  m anifesta­
tion  of excessive strength , b u t th e  execution of heavy an d  prolonged  w ork in 
w hich th e  nervous system  an d  th e  m uscles act so perfectly th a t no  force is 
wasted, only th a t exact am oun t o f chem ical transform ation  taking p lace in the 
organism  w hich th e  w ork to  be accom plished  dem ands. I t  is the calm — the 
silence, so to  speak— w ith w hich our m achine acts w hich we m ost value. My 
en thusiasm  during  these experim ents was so great th a t in  th is m arvellous 
econom y o f energy I seem ed to recognise a  m oral sen tim en t o f na tu re  and, 
im bued  w ith th e  poetry  o f my surroundings, th e  idea th a t I  h ad  discovered 
an  ethical perfection resu lting  from exercise fascinated me.
IV .
A  classification of m ountain-clim bers has already  been  a ttem p ted  by 
several au tho rs o f repu te .1 C onw ay after having spoken o f the scientific, 
artistic, an d  inquisitive types, describes two o ther types w hich have special 
physiological characteristics. T h e  one is the m ounta in-clim ber, th e  o ther, the 
m o u n ta in -fym n a it. C onw ay says th a t till now th e  gym nast type has p re­
vailed, b u t th a t now th e  tu rn  of th e  c lim ber has com e. “ T h e  fu ture  of 
A lpine lite ra tu re  depends upon th e  clim ber, b u t th e  p rosperity  o f clim bing as 
a  sport depends upon  th e  gym nast.” 2 H e  adds th a t the clim ber hates civilisa­
tion, an d  is usually  a  dark , do lichocephalous m an.
I  have som e d o u b t as to  th e  correctness o f th is s ta tem en t th a t the 
m ountain-clim ber has a  long, narrow  skull. Conway does no t m ention having 
taken  m easurem ents ; these, I  am  convinced, w ould furnish a contrary  result.
1 W . M arcel, Climbing and Breathing at High Altitudes. Alpine Journal, 1SS6, p .  I ,  
xiii. W . M. Conway, Centrist and Excentrist. Alpine Journal, 1891, p. 397. W . M. 
Conway, A lpine Journal, 1891, p. 108.
2 XV, M . Conway, The Dom from the Domjoch. A lpine Journal, 1891, p. 110.
M en with a  long skull, an d  those w ith a  round ish  skull a re  d is trib u ted  in 
zones in w hich som etim es the  one an d  som etim es the o th er form  is p redom i­
nant. A m ongst th e  populations living near th e  A lps C alori an d  V irchow  
have found tha t on the G erm an side as well as on th e  Ita lian  th e  prevailing 
type of skull is no t dolichocephalic  b u t brachicephalic . T h e  P iedm ontese  
who, it cannot be denied , a re  good m ountain-clim bers, have the  skull o f th e  
ancient C elts which is round ish  or brachicephalic. T h e  populations fu rther 
rem oved from the A lps are  dolichocephalous.
T he m ore usual classification is th a t in to  rock-clim bers an d  icem en, based 
on a  constitu tional difference o f th e  body an d  on train ing. T h e  Ita lians 
show greater ap titu d e  for rock-clim bing, because th e  m oun ta ins on the 
southern side of the Alps to w hich they are  accustom ed  are m ore precipitous. 
On the northern  side where th ere  are  g reater stre tches o f snow  th e  icem en 
abound. B ut even in one region both  species may be found. W e notice 
this when on a m oun ta ineering  excursion a  choice m ust be m ade betw een 
two paths p resen ting  ab o u t equal difficulties an d  facilities. Som e prefer the 
rocks, others the glacier. In  such cases, however, I have generally  seen tha t 
the path over snow and  ice is preferred.
O ne im portan t requisite  to an  A lp in ist is to have long legs like 
M aquignaz, L auener, an d  C upelin , and  for th e  following reasons. In  c lim b­
ing, long legs enab le  us to raise th e  foot high w ithout effort, an d  further, at 
the end of a m arch or o f an  ascen t a  sm aller n u m b er of steps will have been 
taken than  by short-lim bed  individuals.
Fatigue being a  process o f a  nervous nature , it is th e  m ore in tense  the 
greater the num ber o f stim uli w hich th e  m o to r cen tre  has h ad  to  tran sm it to  
the muscles executing  the steps ; on this accoun t short people  who m ust take  
a greater num ber o f steps, o r else m ust take  unaccustom ed  strides, becom e 
more tired.
In  selecting guides or porters for an  A lp ine cam paign th e  preference 
should be given to tall persons for still an o th e r reason. T h e  functions o f a 
small anim al are perform ed w ith less econom y than  those  o f a  bigger anim al. 
T he greater th e  volum e of an  organism , th e  slower is th e  beating  of the heart 
and the lower the rate  o f b reath ing . T h e  sm all an im al eats m ore in p ropo r­
tion to the bigger one, because a  g rea ter quan tity  o f fuel is needed  to keep 
up its heat. A  sm all m ass o f m atte r cools m ore rapidly  than  a  larger mass, 
and the sam e law holds good for the body o f an im als ; th e  sm aller th e  latter, 
the greater m ust be th e  rapidity  o f the m etabolic processes in o rder to  ensure 
the continuance o f th e  vital functions.
V.
C elebrated guides w hen  together recognise w ithout hesita tion  the 
superiority of each in his own peculiar departm en t. R ey’s forte was 
glacier climbing, M aquignaz an d  C arrel excelled on the rocks. M aquignaz, 
a guide of authority  an d  repute, w ould never have though t o f head ing  a  file 
on a  dangerous ice slope, if R ey were also o f th e  party.
I often adm ired  th e  n a tu ra l d iscip line w hich in these m ountaineers 
prom pts the recognition of th e  skill o f the ir colleagues and  even the 
superiority o f their rivals. T h e  spirit o f subo rd ination  has becom e an 
instinct as it were, because in no o th er k ind  of life is th e  responsibility  
so great, the  danger m ore con tinuous and  success m ore uncertain .
W hen m aking excursions w ith ce leb ra ted  guides I profited by tbeir
com pany, in o rder to  ascertain  the lim its o f hum an  streng th  in  its resistance 
to  work. In  m y no tes o f 1880, I find th e  following, w hich I com m unicate  as 
an  instance o f th e  degree o f excessive exertion  w hich m an can bear. 
M aquignaz s ta rted  on Ju ly  21st from V al T o u rn an ch e , crossed th e  Col 
du  T h éo d u le  and  descended  a t Z erm att. T h e  next day, having undertaken  
to  conduc t two E nglishm en up th e  M atterhorn , he passed th e  n ight a t the 
Swiss H u t. T h is  was the first ascen t w hich he had  perform ed th a t year and  
he felt m ore tired  than  usual. O n the 23rd he w ent dow n to Breuil. On 
the 24th he  left again w ith a  lady an d  gen tlem an w ith whom he ascended  the 
B reithorn , re tu rn ing  afterw ards to  Breuil again. O n th e  25th he left once 
m ore for Z erm att w ith o ther A lpinists. O n th e  27 th  he again crossed 
the  M atterhorn , and  after sleeping a t th e  Swiss H u t, descended  to  G iom ein. 
F o r seven days in succession he had  no t been ab le  to  take his usual am oun t 
o f sleep as he w ent to  bed  late and  rose early in the  m orning. O n arriving 
a t his hom e after th is extraordinary  exertion, he rem ained  for twenty-four
hours in  bed  w ithout being ab le  to sleep or eat. Only on the second  day
he fell asleep, still fasting, and  after a  long sleep woke up fully restored.
I f  I have spoken often of th e  guides, those hum ble  sons o f ou r valleys,
whose nam es are  so indissolubly  connected  w ith the story o f the ir A lps, it is 
because to  these, our m asters, a  m eed o f praise is m ost justly  due. N or do 
I m ean th a t honou r is theirs m erely on accoun t o f the ir physical strength  : 
th e  character, th e  m oral rec titude  o f the old guides o f th e  Ita lian  school are 
still m ore w orthy o f our em ulation.
In  the  story of the A lps there  are instances of love o f country  w hich claim  
from  us th e  tribu te  o f rem em brance an d  the recognition  of th a t v irtue and  
abnegation  w hich form th e  basis o f th e  glory and  streng th  o f a people. 
W hen G iuseppe M aquignaz had  discovered a p a th  up the D en t du  G éant, 
w hich till then  had  been th o u g h t inaccessible, he refused to  conduct certain  
foreigners first to th e  sum m it, a lthough  they offered h im  a far g reater sum 
than  th e  Ita lian  clim bers were ab le  to  give.
Such idealism  ennobles all o f th is hum ble  shepherd-race who, in their 
lonely valleys, are an im ated  by th e  though t o f the ir coun try ’s greatness.
N oble souls they are, u n d er a  rough exterior, uprigh t m en, excellent 
com rades, often taciturn , b u t o f a  m arvellous presence of m ind  when con­
fronted  by danger, o f an u n d au n ted  p ro m p titu d e  of decision w hen face to 
face w ith death .
Sella H u t. !’• S c i l a
C H A P T E R  X
INDIVIDUAL DIFFERENCES
I.
I '"N G artok, a t an a ltitude  of 4,598 m etres, on th e  slopes of th e  H im alayas, tow ards T h ib e t, a  fair is he ld  every year in A ugust, w hich draw s thousands o f individuals together from all parts  o f C en tra l Asia. As 
there is no t sufficient house-room  for all, they  bring  b lack  ten ts w ith them  
under which they  sp read  ou t the ir wares a n d  th e  fair begins. T h is  is 
certainly the h ighest p o in t in th e  w orld a t w hich a m arket is held . A t 
H  finie in L adak  an d  ro u n d  abou t the  lakes M ansaraur an d  R akus, there 
are m onasteries in still m ore elevated  situations (4,619 m etres) an d  w hich 
are inhabited  all th rough  th e  year by B uddh ist m onks. Shepherds w ith their 
flocks and  wild sheep are  to  be  found  a t still g reater heights in  the  
neighbourhood.1
T he  brothers Schlagintw eit, who have given us a m inu te  descrip tion  of 
the populations living in  th e  elevated  regions o f Asia, do  n o t say th a t they  
are in any way different from  us. Jo u rd an e t, a fter a careful study  o f th e  
thorax in the  M exicans concludes “ th a t in m en w hose w hole life has been  
spent in the m idst o f an  atm osphere  exercising only th ree-fourths o f the usual
1 I lerm ann, A dolph and  Robert Schlagintw eit, • Results o f a scientific mission to India 
and High Asia. Leipzig, London, 1862, vol. ii.
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pressure, the thorax has n o t acquired  any g reater developm ent th an  a t the 
sea-level.” 1
In  E urope, a t a  heigh t o f 3,000 m etres m any persons begin to  suffer from 
m ountain-sickness. In  A m erica, on th e  o th er hand , we have, a t an  altitude  
o f 3,960 m etres the city o f P otosi ce leb ra ted  for its silver m ines, an d  w hich 
once num bered  160,000 inhab itan ts.
In  th is region, situa ted  below th e  equator, A lexander von H u m b o ld t 
a ttem p ted  th e  ascen t o f C him borazo in the last m on ths of th e  eigh teen th  
century. W hen he  had  reached  th e  region of perpetual snow w hich begins 
there  a t  a  heigh t a  little above th e  sum m it o f M ont B lanc, th e  natives 
forsook him .
“ T h e  Ind ians, w ith one exception, ab an d o n ed  us a t an a ltitude  o f 15,600 
feet. P rayers an d  th rea ts w ere alike vain ; they decla red  th a t they  were 
suffering m uch m ore than  we.” W hen th e  height o f 5,800 m etres was 
reached, H u m b o ld t thus describes the  cond ition  o f th e  party  : “ By degrees
we all began to  feel very ill at ease. T h e  inclination  to  vom it was 
accom panied  by slight dizziness and  was m uch m ore distressing  than  the 
difficulty in b reath ing. O ur gum s an d  our lips bled. T h e  con junctiva was 
b loodsho t in all o f us w ithout exception. A t th e  tim e of th e  conquest o f 
th e  equinoctial region of A m erica th e  Spanish warriors d id  no t go beyond  the 
low er boundary  of th e  region o f perpetual snow, w hich co rresponds to  the 
height o f M ont B lanc, an d  yet A costa in h is H isto ria  n a tu ra l dc las In d ia s  
gives a detailed  accoun t o f ‘ the d iscom fort an d  stom achic  cram p, painful 
sym ptom s o f m ounta in-sickness’ w hich m ay be com pared  to  sea-sickness.”
I quo te  th is passage from  H u m b o ld t because m any ascribe great 
im portance  to co ld  as a  factor in m ountain-sickness. H e re  we see that 
in equatoria l regions while th e  tem pera tu re  was above zero, th e  sym ptom s o f 
m ountain-sickness a t a  heigh t co rresponding  to th a t o f M ont B lanc were as 
serious as in our hem isphere an d  th a t th e  natives, far from being exem pt, 
suffered m ore than  th e  E uropeans.
T h e  physiologist A lphonso Borelli, in describ ing  his ascen t o f M ount 
E tn a  (alt., 3,310 m etres) in  1671 2 m entions the serious sta te  o f lassitude 
w hich obliged the strongest m en to  sit dow n after only average exertion  and  
g a ther streng th  by frequent breath ing.
I I .
T h e  guide M attia  Zurbriggen o f  M acugnaga is, a t the  p resen t day, th e  m an 
by w hom the grea test heigh t has as yet been  reached. Im m edia te ly  after his 
re tu rn  from  the H im alayas I w ent to  visit him , and, after m aking a little  
excursion w ith him  on M onte R osa, begged him  to com e to my laboratory  
for a  few days in o rder th a t I  m ight study  him  w ith g reater convenience. A 
m ore accura te  know ledge of th is m an  who presen ts such resistance to rarefied 
a ir seem ed to  m e a  m atter o f im portance  to  th e  study  o f the  physiology of 
m an  in the Alps. Zurbriggen was w ith C onway 011 P io n eer Peak, w hich is 
6,888 m etres high. A t th is po in t C onw ay says : “ A ll felt weak an d  ill, like 
m en ju s t lifted from beds o f sickness, b u t Zurbriggen was ab le  to  sm oke a 
c i g a r . ”  3 Zurbriggen still felt p re tty  well a t this height, although , as he to ld
1 Jourdanet, Influence de la pression de Pair sur la vie de Phomme. Tom e iii. 321.
2 De Motu an i mali um ■, Rom e, 1681, p. 242.
W . M. Conway, Climbing an i  Exploration on the Karakoram-Himalayas. London, 
1S94, p . 522.
me, any m ovem ent im m ediately  caused  a feeling o f discom fort, an d  no one was 
able to tie on bo th  shoes w ithout pausing  in betw een to  draw  breath , b u t in  
spite o f this he was o f opinion th a t a t a  slow pace it w ould have been 
possible to clim b two thousand  m etres higher. Z urbriggen therefore  
entertains no d o u b t b u t th a t m an  is ab le  to  reach  th e  loftiest peak  on this 
earth w hich is 4 ,000 m etres h igher th an  th e  sum m it o f M on t B lanc.
In  1895 Zurbriggen w ent w ith F itzgerald  on an  expedition  to th e  New
M attia Zurbriggen.
Zealand Alps, an d  in  January  o f last year h e  c lim bed  the  P eak  o f A concagua 
in Chili, the  ascen t o f w hich was first a ttem p ted  by G iissfeldt. F itzgerald  
was obliged to  stop  a  few h u n d red  m etres low er dow n, b u t Zurbriggen, who 
was accom panying him , reached  th e  top  of th is volcano, 6,970 m etres in 
height. T h is  is th e  g reatest heigh t w hich has as yet been  reached  by  m an 
on the m ountains. F itzgerald  is o f op in ion  th a t A concagua has an  a ltitu d e  
of over 24,000 feet.
Zurbriggen was, in 1894 w hen I  exam ined  him , th irty-eight years old, 
weighed 67 kilogram s an d  had  a  sta tu re  o f r 6 8  m etres. I  ascerta ined  his 
m uscular force by m eans o f th e  ergograph. W ith  h is m idd le finger he  raised
a  w eight o f 4 kilogram s, th e  curve given in Fig. 44 resulting. F rom  it we 
see th a t th e  streng th  o f his hands does n o t surpass th e  average b u t th a t he 
has a supernorm al resistance to  fatigue. T h is  rep roduction  of th e  curve is 
sm aller than  th e  original by tw o-tenths.
Z urbriggen’s pulse is som ew hat irregular f  I  coun ted  it for four m inutes in 
succession, th e  num ber o f pu lsations being different every tim e : 55, 60, 63,
F i g . 4 4 .—M . Zurbriggen. Ergographic-curve. A  weight o f 4 kilograms is raised every
two seconds.
66. H is  hea rt is norm al. I  took  the  respiratory  curve w ith M arey’s double 
pneum ograph  w hich was sim ultaneously  app lied  to tho rax  a n d  abdom en . In  
Fig. 45, th e  u pper curve shows th e  tho racic  respiration , th e  low er th a t o f th e
F i g . 45.— Zurbriggen. T. Thoracic respiratory curve. A. Abdom inal respiratory curve
w ritten a t the same time.
abdom en. H ere, too, I  found th e  usual rhy thm  an d  dep th  of breath ing . 
F u rth e r on I  shall m en tion  o ther observations w hich I m ade  on Zurbriggen ; 
a t  p resen t I  n eed  only ad d  th a t he  p resen ts no  peculiarities such  as w ould 
lead  one to  expect h is rem arkable  resistance.
Som e physiologists have a ttr ib u ted  im m unity  from  m ountain-sickness to  a 
p repondera ting  developm ent o f th e  thorax. Z urbriggen’s vital capacity  is
3,800 cubic cen tim etres, th a t is, a  little  above th e  average, w hich for a  m an o f 
h is sta tu re  ( i  m. 68) w ould am o u n t to  3,500. A  glance a t  h is p ho to ­
graph will, however, convince th e  reader th a t his chest w idth  is no t excep­
tional. T h e  chest-girth  is o 'g i  m etres.
I have carefully stud ied  the  body an d  functions o f the nervous system  in 
other guides an d  ce leb ra ted  clim bers, an d  have never found  any  difference 
between them  an d  the average o f m en. O ne usually th inks the excellence 
of a guide or clim ber depends on the force of th e  m uscles. T h e  foregoing 
ergographic curve proves th a t th is g reater m uscular energy is non-existant. 
I com pared likewise Z urbriggen’s legs w ith o thers and  found  th a t they  were 
not more developed than  those o f the  laboratory  servant G iorgio M ondo, or 
of several o ther frequenters o f the  laboratory  w ho had  suffered severely 
from m ountain-sickness. I  know, m oreover, ce leb ra ted  A lpinists an d  guides 
who have slender legs. I d id  not, in fact, succeed in  estab lish ing  either a 
physical or functional difference betw een Zurbriggen, th e  m an who has 
broken the record  in  m ountaineering , and  o ther m en.
I I I .
In  the resistance to com pressed  air we find sim ilar individual differences 
to those w hich m anifest them selves u n d er th e  influence o f rarefied air. I 
noticed this in the diving-school in Spezia. Som e sailors d ived to  a  d ep th  of 
40 metres, a  d istance equal to four atm ospheres. O thers began to  feel 
distress before they  h ad  reached  a d is tance  o f 8 m etres. T h ey  then  shu t 
the valve, th e  d iv ing-apparatus filled w ith air an d  rose again to th e  surface. 
As it is an  advantage for th e  sailors o f th e  to rpedo-boats to  be certificated  as 
divers, they being then  paid  by th e  hour for work u n d er water, th e  fear tha t 
these exercises are com pulsory, is excluded. I  saw a so ld ier try to  descend  
several tim es bu t he always re tu rn ed  to  th e  surface before reach ing  a dep th  
of 10 metres, a lthough  he endeavoured  to accustom  him self to  th e  augm ented  
pressure by a  gradual descent.
My opinion is th a t the cause o f these individual differences m ust be 
sought in the nervous system  ra th er th an  in th e  b lood. Paul B ert saw tha t 
m ountain-sickness could  no t be a ttrib u ted  m erely  to  lack of oxygen, as there 
are m en who spend  the ir w hole lives a t heights w here o thers suffer in tensely. 
H e m aintained, in o rder to  rem ove th is ob jec tion  to  h is theory, th a t the 
com position o f the b lood m ust becom e altered , th e  ad ap ta tion  consisting  in 
the production  of a g rea ter n u m b er o f red  corpuscles and  in a m odification 
of the hæ m oglobin .1
Facts have no t supported  e ither o f these hypotheses. Jo u rd an e t affirms 
that in elevated  regions m en  are  generally  anaemic. I  exam ined Z urbrig­
gen’s blood only a few m on ths after h is re tu rn  from  th e  heigh t o f 6,888 
metres an d  found th a t it was norm al. T h e  nu m b er of corpuscles, the 
density, the colouring substance  of th e  corpuscles w ere as in the m ajority  
of men.
I t  is singular th a t som e persons who have survived very strong dep res­
sions, suffer from m ountain-sickness a t inconsiderab le  heights. I  instance 
G aston T issandier.
T he  profound im pression crea ted  tw enty years ago by the ca ta strophe of 
the balloon “ Z en ith ,” in w hich Sivel an d  Croce-Spinelli m et w ith a  tragic end, 
will still be rem em bered  by m any.
As an instructive illustration  of th e  action  o f rarefied air I quo te  a 
passage from the accoun t w hich T issand ie r pub lished  in his jo u rn a l N ature .
' V. Bert, Op. cit., p. 1,108.
“ A t a he igh t o f 7,000 m etres Sivel, w ho had  unusual physical streng th  
a n d  a  sanguine tem peram ent, began to close his eyes a t intervals, to doze 
even an d  to  lose colour. B ut h is valian t sp irit refused to give way to these 
m ovem ents o f w eakness for any leng th  of tim e ; he  recovered h im self w ith 
an  expression o f firmness, bade  m e em pty  the liqu id  con ta ined  in the 
exhauster after my experim ent, an d  threw  ballast overboard  in  o rder to reach 
m ore elevated  regions.
“ A t 7,500 m etres the num bness w hich com es over one is extraordinary. 
B ody an d  m ind  grow gradually, im perceptib ly  w eaker w ithout our becom ing 
aw are o f the change.
“  P resen tly  I w ished to  take ho ld  of the  oxygen tu b e  b u t found th a t I  
could  no t raise my arm . M y m ind  was, however, still qu ite  lucid. I  kep t 
m y eyes fixed on  th e  barom eter.
“  I  tried  to  call ou t : ‘ W e are  8,000 m etres h igh ,’ b u t my tongue was as 
though  paralysed. Suddenly  my eyes closed and  I  fell dow n like a log, 
com pletely  losing consciousness. I t  was ab o u t r.30  p.m .
“ A t 3.30 p.m . I  re-opened my eyes feeling dazed an d  exhausted , bu t 
gradually  my m ind  grew clear. T h e  balloon was descending  w ith frightful 
rapidity . M y two com panions were cow ering dow n in the boat, th e ir heads 
h idden  u n d er their travelling rugs. I  gathered  all my streng th  together and  
tried  to  raise them . Sivel’s face was black, his eyes dull, his m outh  open 
an d  filled w ith b lood. C roce’s eyes w ere h a lf closed an d  his m outh  covered 
w ith b lood. . . .
“  W hen I touched  the g round  again  I  was seized w ith a  feverish excite­
m en t a n d  fell down, while my face becam e o f a livid hue. I  though t I was 
ab o u t to  jo in  my friends in th e  nex t w orld .”
T h e  “  Z enith  ” had  reached  a  heigh t o f 8,600 m etres. T h ree  persons 
had  taken  p art in the ascen t an d  only G aston T issand ie r escaped  death .
O ur first idea is th a t T issand ier m ust have been  m ore robust th an  his two 
com panions. B ut this explanation  w ould be incorrect. H e  survived, on the 
contrary , because he  offered less resistance to  th e  action  o f the rarefied air. 
H e  was th e  first to  fall in to  a  stupor an d  th is sleep saved him . F o r the sake 
o f brevity  I have no t quo ted  th a t p art o f the accoun t w hich relates th a t 
T issand ier’s com panions w ere still in  m ovem ent, w orking actively, w hile he 
was already so weak th a t he could  no t even tu rn  h is head  to  look a t them . 
T h e  profound sleep in to  w hich he fell, du lled  the vital functions for som e 
tim e, so th a t his passage th rough  those elevated  regions o f th e  air left him  
unharm ed . T h e  o th er two u tterly  consum ed their share o f energy and  
perished  from exhaustion due to  th e  rarefaction  o f th e  air an d  cold. Sim i­
larly, we have seen th a t the bro thers Zoja d ied  in  consequence o f a  m uch 
less considerable rarefaction o f th e  a ir bu t a  m uch greater degree o f fatigue. 
I shall re tu rn  to  th is sub jec t la ter w hen speaking o f sleep.
I t  becam e ev iden t later, w hen T issand ier endeavoured  to  reach  the sum ­
m it o f M ont B lanc, th a t he  was n o t constitu tionally  a  good A lpinist, in  spite 
o f his ascen t to  8,600 m etres. I ex tract these no tes from a  writing of M. 
V allot, in w hich he describes the construction  of his observatory  on M ont 
B lanc .1 W hile residing in  his h u t on th e  sum m it o f M on t B lanc in  the 
sum m er o f 1890, M. V allo t learn t from his wife, w ho was in C ham onix, by 
m eans of th e  optic telegraph, th a t M. G aston T issand ier was leaving to  pay 
him  a  visit on M ont B lanc. I  prefer, however, to  relate th e  inc iden t in 
V allo t’s w ords in o rder th a t it m ay preserve all its A lpine colouring.
1 I. Vallot, Annuaire du Club A lpin  Français, vol. xvii., 1890.
“ Tow ards 2 a.m . we were suddenly  roused by a  v io lent knocking  a t the 
door. I t  was two of my porters fu rn ished  w ith lan terns who had  arrived 
with their loads. O n my asking them , no t w ithout aston ishm ent, w hat odd  
fancy had  induced  them  to  com e a t  th a t hour, they han d ed  m e two 
letters : one was from M. G aston T issand ie r telling m e th a t he had  had  a 
sunstroke on clim bing up  to  th e  G rands-M ulets an d  th a t he  w ould no t 
proceed further, th e  o ther was from  his friend M . L au n e tte  who inform ed me 
that M. T issand ier’s cond ition  had  grow n worse, th a t he  was suffering no t 
only from sunstroke bu t also from fever an d  m ountain-sickness, an d  th a t the 
writer, a  prey to the m ost lively anxiety, so licited  m y advice an d  my help.
“ Six hours m ust be reckoned  for the  clim b from  th e  G rands-M ulets to 
the Bosses, bu t th is is com pensated  for by th e  rap id  descen t : in one hour 
we had arrived a t the hu t. H app ily  M . T issand ier was m uch be tte r ; 
we chatted  a  long tim e together w hile he inhaled  th e  oxygen w hich I had  
brought and  then , com pletely  resto red  by th e  vital gas, he  rose an d  w alked 
down with a firm step  to  C ham onix .”
IV .
T he m ountain-clim ber w ho crosses the A lps by the  G reat St. B ernard, 
Mont Cenis, an d  elsewhere, looks w ith adm ira tion  on th e  roads co nstruc ted  
at this height a n d  deem s them  a trium ph  o f m odern  civilisation. A nd  yet, 
many centuries ago, finer roads had  been already m ade a t still g rea ter heights. 
In  Peru the Incas constructed  roads m ore th an  six m etres wide a t a ltitudes 
superior to all ou r A lpine passes.
H u m b o ld t1 in his A nsichten  der N a tu r  describes these ru ins as follows :
“ T he  R om an roads w hich I have seen in Ita ly  are  certain ly  n o t m ore 
imposing than  these w orks o f th e  an c ien t Peruvians, w hich I  have com e 
across at a  height o f 12,440 feet, a t w hich heigh t also  I  found  the ru ins o f 
the palace of the In c a  T upac. T h ese  roads ex tending  for forty-six geographical 
miles, som e paved w ith level stones, o thers m acadam ised, crossed  the A ndes 
from the sea.”
It is with a feeling o f w onder an d  profound com m iseration  th a t we th ink  
of the ruins o f those g igantic works carried  ou t by an industrious people in 
the most elevated regions o f th e  earth  before E u ropeans carried  exterm ination  
and desolation in to  their m idst.
O ne road w hich rivals those described  by H u m b o ld t is th e  G reat Pacific 
Railway, which, on th e  p lateau o f th e  R ocky M ountains a t E van  Pass rises 
beyond 2,500 m etres.
T hinking there  m ight be racial differences as regards the  resistance to 
rarefied air, I  de term ined  to  gain som e inform ation on th e  life o f the 
workmen and engineers who were engaged in  the construction  of th e  G reat 
Pacific Railway. Dr. P ao lo  de  V ecchi o f San F rancisco, once a  fellow- 
student, kindly sent me som e observations ob ta ined  from M r. G eorge 
Davidson and  o ther engineers, who constructed  the m ost difficult p art o f the 
railway.
I com m unicate a few passages from  M r. D avidson’s le t te r2 :—
“ T he  highest sum m its of th e  C alifornian m ountains, w here I  have been 
for weeks and  som etim es for m on ths together, a re  those s itua ted  along the
'  A. H um boldt, Ansichten der N atur. Das H ochland von Caxamarca. 
a Re-translated from the Italian.
C entra l Pacific Railway, w hich rise to a  he igh t o f 4 ,000 m etres. A t an 
a ltitude  of 3,000 m etres I was ab le  to perform  a great deal o f physical work 
in spite o f th e  m ost varied conditions, an d  was scarcely aw are of th e  elevation. 
A t M oun t Lola, 3,090 m etres high, one o f my friends who was visiting the 
station  cou ld  n o t rem ain  in my tent. H e  was obliged to  ea t an d  drink  
outside, because, as he said, w hen shu t up  he  had  a  singular feeling of 
indisposition . H e  com plained  m ore especially o f his head, an d  could  no t 
overcom e his anxiety th a t som e danger was th rea ten ing  his m ental faculties. 
T h is  feeling of indisposition  was greatly relieved w hen he was ab le  to  look 
a round  a t the plants, anim als an d  rocks ou tside  o f th e  tent. A nd  yet we 
w ere a  party  o f tw enty m en a t work, and  no t one o f us suffered. T en  of us 
stayed there  for two m onths an d  a h a lf w ithout any inconvenience, an d  I 
w orked even fifteen hours a  day.
“ A t San B ernard ino , 3,900 m etres high, th e  last clim b is so steep  th a t it 
is im possible to  scale it on donkeys. H ere  I had  to  halt every th irty  m etres, 
because m y heart was beating  137 tim es in  the m inute, my b reath ing  was 
60, an d  I had  to  keep  my m ou th  open. D uring th e  ascen t I took a 
spoonful o f b randy  w ith a  little  snow a t every halt. A ll th e  sam e I had  
twice a sudden  an d  violent p ricking pain  in  my heart. I  reached  th e  top, 
and  after a  few m inu tes’ rest I  w alked along the crest o f th e  rock w ithout any 
fu rther d isturbance.
‘‘ I  have always been a  w orker w ith great pow ers o f resistance, an d  I  may 
say th a t for ab o u t fifty years I have w orked 011 th e  average fifteen hours a day, 
w ithout even resting  on Sundays.
“ In  1885, in consequence of a  strong  em otion, I found my heart in ter­
m itten t an d  irregular. A t the end  o f a year, however, my norm al condition  
had  retu rned , an d  un til now I have always been qu ite  well.
“  G e o r g e  D a v id s o n .”
I  have co llected  o ther docum ents rela ting  to A m erican m ountaineering, 
b u t all know  now th a t th e  A nglo-Saxon race does no t p resen t a superior 
resistance to  fatigue, a lthough  it has furnished th e  g reatest num ber of sturdy 
A lpinists. T h e  Ita lian  guides are, as a m atte r o f fact, those w hich have best 
s tood  the trial of great ascents in  every clime.
V.
T h e  m ode of reaction  to stim uli p resents th e  g reatest individual 
variations.
I once stayed lor several days a t the G reat St. B ernard  H ospice (alt., 
2,472 m etres), an d  one week on the L ittle  St. B ernard  (alt., 2,513 m etres), and  
observed th a t m any persons show sym ptom s of m ountain-sickness even at 
these inconsiderab le  heights. Som e stop  from  tim e to  tim e during  th e  last 
part o f the clim b, an d  arrive panting . T hey  are  unab le  to  eat, canno t sleep 
a t night, an d  have a  feverish feeling. Som e o f these feel qu ite  restored  on 
rising the next day, others, on the  contrary, express th e  wish to  re tu rn  at 
once. I t  was doubtless only a chance occurrence th a t during  my sojourn 
th e  two persons who suffered the m ost had  com e from  M artigny, while o f the 
large parties arriving from  th e  A osta side n o t a  single m em ber show ed 
sym ptom s of indisposition .
D r. C ourten  o f Z erm att to ld  m e o f a  lady who had  had  an  a ttack  of
mountain-sickness on the  Riffelalp (alt., 2,127 m etres), and  o f an o th e r w ho had  
suffered from the m alady a t G örnerg ra t (alt., 3,136 m etres). H e  exam ined these 
ladies, bu t found no defect o f th e  heart in  e ither o f them .
A t G ressoney la T rin ità  (alt., 1,627 m etres), w here I have spen t a  m onth  
every sum m er for several years, I  have no ticed  th a t fat persons m ore 
especially com plain of the  th in  a ir du ring  th e  first few days. T h is  is com ­
prehensible, as they have a  g reater w eight to  raise w hen they walk up  the 
mountain. I have, however, also seen th in  people suffer im m ediately  on the ir 
arrival. T hese  generally  com plain  of headache, do  no t sleep well, suffer from 
oppressed breath ing, especially a t n igh t tim e, an d  are  apathe tic . O ne young 
lady suffered from nausea an d  vom iting for alm ost two days.
Still lower even, a t G ressoney St. Jean , som e persons have a  difficulty in 
breathing, and  com plain o f sleeplessness. A nd  yet a t G ressoney la T rin ità  
there is a  group o f houses a t a  he igh t o f 2,037 m etres in h ab ited  all th rough  
the winter. M outei is in  fact one of th e  h ighest in h ab ited  p laces in  E urope.
I told this once to a ra ther co rpu len t friend while w alking w ith him  a little  
below M outei. “  I  daresay,” he  replied, “ bu t as for m e, th e  first day th a t I 
was here everything swam before me, an d  I felt my legs give way beneath  
me simply owing to  th e  rarefied air. O therw ise I  was perfectly well, and  
accustomed m yself in a  few days to  clim b h igher.”
Professor G. P isen ti, in an article on m ountain-sickness,* w rites th a t when 
he was at A betone in  th e  T u scan  A pennines as physician, he suffered from 
m ountain-sickness, a lthough  th e  a ltitude  was inconsiderable.
“ T he  clim atic estab lishm en t,” he writes, “ is a t a  heigh t o f 1,380 m etres, 
I, who usually sleep soundly  for ten  hours in succession, suffered from  sleep- ' 
lessness the w hole o f the tim e th a t I  was up  there, lost my appe tite  and  
became thin. O ne day, having a ttem p ted  to  clim b the  L ib ro  A perto  (alt.,
1,800 metres), I was u tterly  unab le  to  reach th e  sum m it, so irresistib le was the 
sense of fatigue w hich had  com e over me, to  say no th ing  o f laboured  
breathing and  oppression on the chest.”
I wrote to  Professor P isen ti in o rder to  have fu rther inform ation as to  his 
condition, and  he  replied  as follows : “ I was a t A betone  in th e  m on th  of 
September, w hen th e  affluence of visitors had  ceased, on w hich accoun t there  
was very little to do, all the  m ore so as a lm ost everybody was in  th e  best o f 
health. I  rem ained there  for only ten  days, as m y sufferings had  increased 
to such a pitch, from insom nia m ore especially, th a t I  was com pelled  to  give 
in. As soon as I had  left A betone  an d  gone to  B ologna, my tranqu il rest 
returned, the w akefulness d isappearing  as though  by m agic. D uring  th e  last 
days at A betone 1 was troub led  greatly by th e  loss o f appetite  w hich was such 
that with the exception o f m ilk every food was repugnan t to  m e.”
T he pains w hich som e persons feel in old w ounds w hen th e  barom eter 
falls and the indisposition w hich w arns nervous persons o f th e  approach  o f a 
storm, are exam ples o f th e  great susceptib ility  o f certain  indiv iduals to  the 
rarefaction of th e  air.
I t is a  law of life th a t physiological functions never co rrespond  to an 
exact quantitative formula.
V I.
G iovanni A nton io  C arrel once told m e ab o u t an  E ng lishm an  w hom  he 
conducted from th e  Riffel to  th e  B reithorn . W hen they  had  reached  th e  
Breithorn P lateau, th e  E nglishm an fell to  th e  g round  as though  dead.
' In  allo. Cronaca bim. della Società A lpina friulana, 1895, p. OS.
T h is  clim ber, know ing by experience th a t he w ould becom e ill, had  taken 
w ith him  two guides an d  two porters, w hom  he assured  th a t th e  sta te  he 
m ight fall in to  need  cause them  no anxiety, ordering  them  to take h im  to  
Breuil, even though  they  had  to  carry him . O n the  glacier he staggered like 
one drunken . H is  com panions had  to  support him  u n d er the arm s as he 
fell asleep from tim e to  tim e an d  th en  fell down. T hey  spen t the n ight in 
th e  T h éo d u le  H u t, an d  then  w ent dow n to  Breuil. H e re  th e  guides learnt 
to  the ir aston ishm en t th a t the  gen tlem an m ean t to  a ttem p t th e  ascen t o f 
th e  M atterhorn . A ll in  chorus tried  to  d issuade him , b u t h e  was no t to  be 
m oved. H e  said  th a t he  was accustom ed to  these sufferings o f the first day, 
and  averred  th a t h e  w ould be perfectly well on th e  morrow, and, indeed, th e  
nex t day he  began the clim b up  th e  rocks o f th e  M atterhorn  w ith firm and  
sure foot.
I  know  no  o th er in stance  o f so speedy an  acclim atisation . I f  d is tu rb ­
ances so serious d isappear in a  tim e so brief, we m ust conclude th a t 
m ountain-sickness does no t depend  on th e  b lood, for th e  num ber o f red 
corpuscles an d  the  quan tity  o f iron  o r haemoglobin w hich they  contain  
canno t sensibly change in  th e  space of two days. O nly the  nervous system 
is capable o f so p rom p t an  adap ta tion .
N ot all have, however, the  sam e facility o f acclim atisation . In  this 
respect th e  instance of Professor P isen ti is very instructive. I  have seen 
very robust persons who, even after four o r five days spen t in th e  R egina 
M argherita  H u t, w ere no t yet acclim atised  ; they still were aw aked through 
th e  n igh t by oppression on th e  chest, an d  h ad  to  rise in o rder to  obtain  
relief. A s soon as they had  descended  to  an  a ltitu d e  o f 2,500 m etres they 
slept profoundly  th e  w hole night.
I t  has been m ain ta ined  in support o f th e  hypothesis th a t m ountain- 
sickness is caused  by lack o f oxygen, th a t persons living a t an altitude  beyond
3,000 m etres have lungs w hich from  b irth  are adap ted  in  developm ent and  
s tructu re  to  th e  rarefaction o f th e  air. B u t th is is no t the case, because 
even am ongst th e  natives o f A sia an d  A m erica bo rn  on th e  slopes o f the 
h ighest m ountains, th e re  are som e who suffer from  m ountain-sickness if  they 
ascend  further, w hereas am ongst those born  a t th e  sea level there  are  som e 
ab le  to  resist very h igh  degrees o f rarefaction. I  venture, therefore, to 
affirm th a t a  great p art o f m ank ind  is born  w ith lungs an d  nervous system  
ad ap ted  for living a t great altitudes. W e have an  instance o f th is in the 
recen t m em orable  journey of M r. G eorge R . L ittleda le ,1 who, in  1895, 
travelled  across T ib e t from n o rth  to  south. H e  was accom pan ied  by M rs. 
L ittledale  and  by a  nephew , th e  party  rem aining six m on ths (from A pril 26th 
to  O ctober 16th) a t o r above an  a ltitude  o f 15,000 feet. T hey  encam ped 
for four weeks above the  heigh t o f 4 ,600 m etres. O ne h u nd red  horses were 
lost on th is journey, an d  M rs. L ittledale  becam e seriously ill a t a  height 
above th a t o f M onte  Rosa.
1 George R. L ittledale. A Tourney across Tibet. T he  Geographical Journal, May, 
1896, vol. vii. p. 478.
F  IG. 46.— Field-bed set up. A nother to the left is packed up ready tor transport.
C H A P T E R  X I 
TRAINING— VITAL CAPACITY— MOUNTAINEERING
I.
TH E  ob ject of tra in ing  is to  increase th e  s treng th  o f th e  body. T h e  law in accordance  w ith w hich th e  augm en ta tion  o f  streng th  through exercise proceeds, becom es ap p aren t du ring  th e  perform ance of 
ascents, bu t a  m ore satisfactory explanation  o f it can  only be  o b ta ined  by 
means of sim ple experim ents con tinued  for a considerab le  leng th  o f tim e, 
which furnish constan t term s o f com parison.
Dr. G. M anca determ ined , in  m y laboratory , th e  m an n er in  w hich th e  
strength o f the arm s increases th rough  exercise. T h e  dum b-bells w hich he 
made use o f  for th is investigation  w eighed five kilogram s each, like those 
which we used la ter on M onte R osa. D uring th e  experim ent, repeated  
daily at the sam e hour, a  m etronom e beat th e  seconds. T h e  dum b-bells 
were raised from th e  position  of repose to  th e  heigh t o f th e  thorax, then  
above the head, low ered again to  th e  heigh t o f th e  thorax, a n d  then  to  th e  
original position. O ne second  was allow ed to  elapse betw een each  m ove­
ment, and th is exercise was co n tinued  until, as I  m en tioned  before in th e  first 
chapter, the subject becam e tired. Dr. M anca  co n tinued  th is exercise for 
seventy days in succession, D r. C ao for thirty-five days.
Fig. 47 shows the  results o f tra in ing  in  D r. M anca. T h e  progressive 
augm entation of th e  quan tity  o f w ork perform ed every day appears ev iden t 
from the rapid ascen t o f th e  line w hich begins in  th e  low er co rner o f  th e  left 
hand and finishes a t th e  u pper right-hand corner. T h e  num bers below ind i­
cate the days o f exercise, those  in the  m argin  to  th e  righ t an d  left m ark  the
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n u m b er of tim es w hich th e  dum b-bells were raised every day. T h e re  are 
variations from  one day to  ano ther, we see som etim es th a t streng th  has 
d im in ished  or has rem ained  th e  sam e as on th e  preced ing  day, b u t the 
training-curve is nevertheless an  ascending  line. O n th e  seven tie th  day Dr. 
M anca raised  th e  dum b-bells 126 tim es, thus accom plishing an  am oun t o f 
work five tim es g reater than  on th e  first day. T h e  training-curve is therefore 
n o t a straigh t line, n o r yet a  parabola, no r any  one  of th e  m any regular 
geom etrical curves.
I n  o rder to  discover the fundam enta l type am ongst the  daily irregularities, 
D r. M anca took  th e  average of th e  daily increase o f every fifteen days. T h e  
sm aller figure in  th e  h igher left-hand co rner gives a  graphic represen ta tion  of 
th e  average augm enta tion  of strength  ca lcu lated  in this m anner. T h e  
num bers below an d  above the  figure ind ica te  th e  successive periods ot 
exercise o f fifteen days each, the  num bers to  th e  left hand , th e  average daily 
augm entation . T h u s  we see th a t in th e  first fifteen days D r. M anca’s daily 
average increase o f strength  am oun ted  to  V 2 8 , in  th e  second  to  2 "62, in the 
th ird  to  3, in the  fourth  to  3 '53, in  the  fifth to  5.
T ak in g  in to  accoun t F ech n er’s studies on th is subject, Dr. M anca con­
c luded  th a t “ m uscular streng th  increases during  p ro longed  exercise in an 
irregular geom etric progression.” 1
I I .
T h e  above is an  exposition o f th e  fundam enta l law in accordance  with 
w hich streng th  increases th rough  exerc ise ; it m ust, however, be  confessed th a t 
we are  bu t a t th e  beg inn ing  o f these investigations ; no  study  has yet been 
m ade, by m eans of exact m ethods applied  to  o th er m uscles, o f the effects o f 
th a t severe tra in ing  to  w hich superiority  in  th e  various physical exercises 
is due.
O n th e  occasion of a  visit to the  U niversity  o f O xford I asked  one of the 
ce leb ra ted  tra iners for th e  boat-race w hat was the ob ject o f th e  course of 
train ing, w hich is there  o f the  du ra tion  o f one m onth . H e  ex tended  th e  
fingers o f one h an d  a n d  closed them  one after an o th e r as he replied  :—
“ is tly . T o  get rid  o f fat an d  superfluous water.
“ 2ndly. T o  increase th e  force o f th e  m uscular contractions.
“ 3rdly. T o  increase th e  resistance to  fatigue.
“ 4thly. T o  tra in  th e  breath ing.
“ Sthly. T o  regu late  th e  h ea rt’s ac tion .”
T h is  answ er convinced m e th a t the  tra iner was fully m aster o f his voca­
tion . “ T o  any  one who is n o t p roperly  tra in ed ,” he added , “ exertion  gives 
a  feeling o f suffocation, owing to  th e  difficulty o f draw ing breath  deep 
enough .” T h is  is also th e  opin ion of m ountain-clim bers and  of all those who 
have felt w hat it  is to  be “ ou t o f b rea th  ” during  a  rapid ly  perform ed ascent. 
W e shall see, how ever, th a t ju s t th e  opposite  is th e  case. T ra in ing  accustom s 
us to  b rea the  less during  the sam e o r even g reater exertion.
All w ho have observed recru its running , o r youths w ho are  beg inn ing  their 
tra in ing  for a  race, will have no ticed  th a t they canno t ho ld  ou t for five m inutes 
w ithout th e ir b rea th ing  becom ing  laboured . A fter several m on ths o f tra in ­
ing they are, on  th e  contrary , ab le  to  run  for h a lf  an  h o u r u n h in d ered  by 
oppressed  respiration , palp ita tion , o r pain  in th e  spleen. A  p art o f the
1 G. M anca, Etudes sur Penti'aniemeiit ?nusculaire. Archives italiennes de Biologie, 
tome xvii. p. 390.
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resistance thus gained is always lost du ring  the w in ter w hen we give ourselves 
up  m ore to  repose.
T h e  effects o f tra in ing  vary greatly  in different individuals. D uring 
repeated  sojourns a t A lpine stations I have seen th e  less robust persons suffer 
from every little  exertion during  the first few days. A  walk w hich occasioned 
the  least fatigue, a  steep  path , a  series o f steps, such as one often m eets with 
on short cu ts, caused  palp ita tion  an d  coughing. T h e  la tte r is a  m om entary  
irrita tion  o f th e  bronch ia  due  to  th e  accum ulation  o f b lood  in  th e  lungs. 
T h e  heart becom es sooner tired  an d  th e  lungs, in consequence of the deep  
inspirations, swell an d  becom e hyperæ m ic. A fter a  few weeks of exercise 
th e  heart an d  th e  w hole body are so m uch  streng thened  th a t these sam e 
persons are ab le  to  perform  m uch greater exertions an d  even to  a ttem p t 
ascents.
E ven  very strong  individuals may experience m ountain-sickness if they 
are no t trained. I instance two m ountain-clim bers by w hom  very great heights 
had  already been  reached— Conway and  Fitzgerald. T h e  form er, in describ ing 
his journey  th rough  the  A lps from th e  C ol de  T en d e , w rites 1 : “  W hen we 
s ta rted  w alking in  Ju n e  it is p robab le  th a t none of us were in  very good con­
d ition . O ur early ascents were m ade in  a  region w hich now here rises to a  
high level, and  for som e days we d id  no t reach  an  a ltitu d e  o f  10,000 feet. 
A t this tim e we frequently  experienced discom fort from th e  effect o f d im in ished  
atm ospheric  pressure. T h e  fact appears to be w orth record , for I  do  no t 
rem em ber ever before noticing any sim ilar sensations in E u rope  a t so low an 
elevation. I  shall describe only my own experiences, b u t they were sim ilar to 
those of th e  res t o f th e  party . I  have said th a t we were no t in good 
m ountaineering  condition , b u t I  was no t in  bad  cond ition  either. I had  been 
taking two hou rs’ exercise w ith daily regularity  for several m on ths an d  could 
walk tw enty m iles, a t any rate, w ithout inconven ien t fatigue. I  was, in  fact, 
d istinctly  pleased w ith m yself the first day in  th e  hills, an d  though t I had never 
begun an  A lpine season so well. M y disgust was all the g reater nex t m orning, 
w hen, a t ab o u t 7,000 feet, all th e  sym ptom s overtook m e in a  m ild form tha t 
we used  to  feel a t ab o u t 19,000 feet in  the K arakoram s. T h ere  was the  sam e 
peculiar fatigue, th e  sam e d iscom fort if  th e  regularity  o f the  b rea th ing  were 
interfered  with, the  sam e d isinclination  to  stoop or perm it th e  arm s to  press 
against th e  sides. I  should  probably  no t have no ticed  these effects in detail 
if H im alayan  experience had  n o t fam iliarised m e w ith each o f them  in an  
acu te  form. T h e  fain test suggestion of them  was therefore im m ediately  
perceived an d  recognised for w hat it was.”
I I I .
“  T h e  first lovers o f the A lps were all scientists, hence one understands th a t 
m ountaineering  took first an  essentially scientific d irection . P erhaps now th a t 
th e  exploration of th e  A lps is com plete  is th e  favourable m om ent for a return  
to  those early ideals.”
T h ese  w ords of one of th e  m ost in trep id  an d  esteem ed colleagues o f the 
A lp ine C lub recurred  to m e when, from th e  R egina M argherita  H u t, I  had 
a  nearer view of those dangers w hich he  overcam e in  com pany w ith 
V accarone a n d  Zurbriggen, when ascending  G nifetti Peak  from th e  M acu- 
gnaga side.2 I repeat them  now th a t I  am  ab o u t to w rite a  few lines on the
* W . M. Conway, The Alps from  E n d  to End. London, 1S95, P- I2 -
2 Guido Rey, I l  Colle Gnifetti. Boll. Club alpino italiano, vol. xxvii., 1894.
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future o f m ountaineering  w ith th e  conviction  th a t th e ir au th o r w ould be 
better able than  any o ther to  give a rational a n d  hygienic d irection  to  the 
scholastic excursions (carovane scolastiche).
T he physiological study  an d  practical following-up o f tra in ing  have 
scarcely even reached  an elem entary  stage, no tw ithstand ing  th e  num erous 
publications on the subject. W hatever p art o f ou r organism  physician or 
dilettante may set h im self to  study in o rder to  ascertain  the  laws in accordance 
with which its functions becom e invigorated  by exercise, he  will find 
untrodden g round  before h im .1
Dr. G ru b e r2 an d  Prof. H . K ronecker m ade a  series o f researches on 
training, and  found th a t a  m an, w alking on level g round, produces double  the 
am ount o f carbon ic  acid  w hich he  p roduced  w hen in repose. A no ther ex­
perim ent was then  m ade. T h e  sub jec t was m ade to  ascend  th e  tow er of 
berne cathedral from th e  level o f th e  A ar, a  height o f eighty m etres. D uring 
the first days he produced  four tim es m ore carbon ic  acid  th an  w hen in repose. 
When he was tra ined  to  the exercise he only p roduced  th ree tim es m ore 
carbonic acid  than  w hen in repose. T h ese  researches are  im portan t as they 
confirm the use of tra in ing  w ith sta tistical accuracy. T h ey  show th a t the 
production of carbonic  acid  is no t a  function  indissolubly  connected  w ith 
muscular work. T h ro u g h  exercise we learn to m ake our m uscles w ork w ith a 
smaller quantity  o f fuel. Prof. Z untz of B erlin o b ta ined  th e  sam e results 
almost a t th e  sam e tim e.
I t  is, however, m ore especially w ith regard  to  the tra in ing  o f th e  nervous 
system tha t m odern  physiology shows th e  grea test gaps. As an  illustration 
of this I need  only m ention dizziness. G œ the,3 in  speaking of the years 
which he spen t a t the U niversity  of S trasburg, w rote as follows :
“ My state  o f health  was such th a t I  felt ab le  to carry ou t successfully any 
necessary or desired  undertak ing  ; I re ta ined  only a  certa in  sensitiveness 
which som etim es d is tu rbed  my equability . M ore especially was I d istressed 
by dizziness w hich a ttacked  m e w henever I looked dow n from a height. I 
m ounted alone, th e  h ighest tow er of the  ca thed ra l and  sat for ab o u t a  quarter 
of an hour in th e  so-called neck, u nder th e  co rona as it is term ed, before I 
dared step ou t in to  th e  fresh a ir again, on to  th e  p latform  w hich is scarcely 
one yard square an d  offers sm all m eans for ho ld ing  fast. S tand ing  here  one 
sees an endless expanse of country  before one. . . . O ne has the feeling as 
though one were floating th rough  the air in a  balloon. I im posed a  frequent 
repetition of this te rror and  suffering on myself, un til a t last I becam e quite 
indifferent to th e  form er im pressions. T h ese  prelim inary  exercises proved 
later o f great advantage to m e on journeys th rough  the  m ountains, during  
geological studies, on visiting large edifices in build ing, w hen I  em ula ted  the 
carpenters in runn ing  over th e  rafters and  cornice, in  R om e also w here the 
closer inspection of im portan t w orks of a rt necessita tes such feats.”
T h e  high tem pera tu re  of th e  body, th e  palp ita tion  of th e  heart, the 
muscular changes, the  oppressed b reath ing  resulting  from exertion, all d im inish  
when we train  th e  body.
T he  o ldest w riter on m edicine, H ippocra tes, expressed th e  fact in  the 
words, M oins roborat, o tinm  tabcfacit.
1 Those who wish to know the titles o f works and articles on this subject I refer to 
Hillings’ Index Catalogue, w here, under the heading “  Exercise as a Remedy, ’ they will find 
over two hundred publications ; those, equally numerous, by the trainers of racc-horses are 
not included, nor the books and articles designed for the use o f the students preparing fo 
foot-races and boat-races. T he recent publications of F. Lagrange are w orthy o f notice.
2 Max G ruber, Ueber den Einfluss der Uebung a u f  den Stoffwechsel. 18S8.
3 Goethe, A us meinem Leben, ix Buch.
IV .
T h e  greater developm ent o f the chest com pared  to  th a t o f th e  rest o f the 
body has always been a sign of streng th . H elb ig  rem arked  th a t the sta tues 
o f classical G reek a rt a re  all in an  inspiratory  position , th e  chest thus a tta in ­
ing its g reatest b read th .
T o  th e  E nglish  physician, Jo h n  H u tch in so n ,1 we owe a  practical m ethod  
for the m easurem ent o f the am oun t o f a ir w hich an  individual in troduces in to  
his lungs. T h e  instrum en t w hich he invented  for this purpose, an d  to  w hich 
he  gave the nam e o f sp irom eter, is often seen in gym nasia, in  hospitals, an d  
in  those room s o f life insurance societies set ap a rt for the m edical exam ina­
tion  o f clients. T h e  capacity  of th e  lungs is indeed  an  im portan t item  in the 
physical valuation  of a  person. I t  is not, how ever, th e  only th ing  to  be 
considered, nor is it, perhaps, th e  m ost im portan t characteristic, as we shall 
p resently  see.
H u tch in so n ’s sp irom eter canno t be convenien tly  carried  on A lpine expedi­
tions. E ven  in  th e  p lain , if one has no t had  m uch practice, so as to be able 
to  rectify it, serious errors m ay be incurred  by its use. I m ade use of the 
gas-m eter described  in C hap ter I I I . ,  p. 39, an d  by its a id  ascerta ined  the 
vital capacity  o f all those who had  accom pan ied  m e, an d  of all chance  
visitors du ring  our so journ  on M onte  R osa. T h e  vital capacity  in  each 
case was m easured th ree tim es an d  an average th en  draw n from the resu ltan t 
figures. As fatigue decreases th e  d ep th  o f the inspiration  w hen th ree full 
b rea ths are draw n one after th e  other, I  allow ed for this an d  o th er reasons 
p resently  to  be  m en tioned  several m inutes to  elapse betw een the m easure­
m ents.
T h e  appara tus was p laced on a  ra ther h igh table, and  in o rder always to 
ensure a  horizontal position  it was supported  by a board  o f w ood furnished 
with th ree pressure screws. A n air-level com pleted  the arrangem ent, as else­
w here sta ted . T h e  sub ject stood  upright, w ith vest u n b u tto n ed  (so th a t the 
deep  insp iration  he was ab o u t to m ake m ight en co u n te r no obstacle), 
slowly and  forcibly filled his thorax  w ith air, an d  then , having in troduced  the 
ind ia-rubber tu b e  betw een his lips, exhaled  the  sam e slowly, as com pletely  as 
possib le em ptying th e  lungs.
L e t us now' see w hether a  person a t an a ltitude  o f 4,560 m etres in troduces 
a  g reater or lesser quan tity  o f a ir in to  the lungs th an  in th e  plain.
A  sim ilar experim ent m ade by P au l B e r t2 in  the pneum atic  cham ber 
show ed a d im inution  by one-half o f th e  vital capacity  a t  a  p ressure of 
420 m m ., w hich corresponds to  the heigh t o f M onte R osa.
O ther physiologists w ho have m easured the  vital capacity  in rarefied air 
have found sm aller, bu t still considerab le  differences. V ivenot says th a t two 
strong  persons inhaled, th e  one 494 cubic  centim etres, the  o ther 394 c.c. less 
than  a t th e  ord inary  pressure, w hen b reath ing  air rarefied to  co rrespond  to 
a  he igh t o f 4 ,470 m etres, one m axim um  insp iration  an d  expiration  being 
executed.
I  restric t m yself to  th e  com m unication  o f a  few observations m ade 
on M onte R osa, for w hich I refer th e  reader to th e  table  a t the end 
o f th e  book (T ab le  X .). F rom  the series o f m easurem ents taken  we see tha t 
a t an  a ltitu d e  of 4 ,560 m etres the  vital capacity  was always less th an  it was in 
T u rin .
■ John H utchinson, Von der Capacitai der Lungen. Braunschweig, 1849.
2 P. B ert, Pression barométrique, p. 716.
V.
If  instead o f studying  the pu lm onary  capacity  o f m an w hen in repose at 
varying altitudes above the level o f the sea, we do so during  a m arch or after 
the accom plishm ent o f an ascent, th e  p roblem  becom es m uch  m ore com ­
plicated.
In  C hapter I I I .  I have m en tioned  th a t th e  force o f in sp iration  d im in ishes 
when fatigue becom es general ; besides this, it is possible th a t laborious 
ascents give rise to  an accum ulation  of b lood  in  the lungs. I f  th is be  the 
case, we can unders tand  why a few m inu tes’ rest is sufficient to  restore 
strength. W ithout tak ing  in to  accoun t all th e  causes w hich aw aken a  sensa­
tion of well-being in repose, let us exam ine th is hypothesis o f a stagnation  o f 
blood in the lungs. M any persons feel dizzy after blow ing up  a fire or 
drawing a  succession of deep  breaths. T h is  slight sensation  of vertigo I 
have shown (by m eans o f an  in s trum en t w hich I need  no t here describe) 
to be produced by an  accum ulation  o f b lood in  th e  lungs.1 A t every 
inspiration a  g reater quan tity  o f b lood  is collected  in  the  lungs than  is 
expelled by the expiration  following. T h is  sudden  w ithdraw al o f b lood from 
the heart and  circulatory appara tus gives rise to  anæ m ia of the  brain.
If, a t the end  of an  ascent, the blood-vessels w hich line the surface of 
the alveoli and  b ronchia  are d ila ted  and  con ta in  an  overplus of blood, there  
will be less space for th e  a ir inhaled . L et us therefore  see w hat resu lts are 
obtained w ith the spirom eter.
Sarteur and  Solferino, two o f the strongest m en of our party , left G nifetti 
H ut at 4.30 p.m . w ithout loads, an d  arrived a t th e  R eg ina  M argherita  H u t  a t 
7 p.m., fasting, bu t in excellent condition . T em pera tu re , — 13°
Im m ediately after the ir arrival we m easured  the ir pu lm onary  capacity . 
They each executed alte rnate ly  th ree  inspirations, th e  m easurem en t being 
repeated after 1 hour an d  35 m inutes.
S arteur.............................. 3,806 cubic centim et. 3,952 c.c. 4,099 c.c.
After I hr. and 35 min. 4,666 c.c. 4 ,904 c.c
Solferino ... ... 4,123 c.c. 4,148 c.c
After I hr. and 35 min. 4,489 c.c. 4,489 c.c
If we take the average o f th e  th ree  first observations m ade by m eans of 
the spirom eter on the so ld ier Sarteur im m ediately  after the ascen t, an d  com ­
pare it with the average o f th e  th ree observations m ade after the  lapse o f one 
hour and thirty-five m inutes, we see th a t in th is space o f tim e th e  vital 
capacity increased by S32 cubic  cen tim etres. In  Solferino th e  augm enta tion  
was only 390 cub ic  cen tim etres. I  consider it p robab le  th a t these figures 
partially represent the quan tity  o f b lood from  w hich the lungs h ad  in  the 
interval freed them selves, b u t th e  cond itions o f th is experim ent p reven t a  
positive affirm ation.
O ther and  m ore m inu te  researches th an  we were ab le  to  m ake during  our 
brief stay on M onte  R osa  are  necessary. W e know  th a t th e  heart, too, 
dilates during ascen ts in consequence  o f fatigue. A fter an  h o u r an d  a ha lf
1 A. Mosso, Sulla circolazione del sangue nel cervello de ll uomo. R , Accadem ia dei 
Lincei, 1879, Uebcr den K reislau f des Blutes im menschlichen Gehirn. Leipzig, 1881 
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th is organ m ust have d im in ished  in volum e, thus perm itting  o f th e  en trance 
o f a little  m ore a ir in to  th e  thorax by m eans o f the  lungs. A gain, we have 
th e  fatigue of the inspiratory  m uscles, an d  a still m ore serious com plication  
in  the paralysis o f the vagus nerve, all o f w hich factors co n trib u te  to  produce 
th e  d ila tation  of the  pu lm onary  blood-vessels. T h is  enum eration  m akes the 
difficulty of th e  investigation apparen t.
T h e  idea had  occurred  to  m e th a t m ountain-sickness was perhaps due to 
a  c irculatory  d istu rbance , th e  im m ediate  cause being th e  accum ulation  of 
b lood  in  th e  lungs.
In  several persons w ho suffered from m ountain-sickness with the annoying 
phenom ena o f vom iting, sleeplessness, and  headache, in  Sig. B ertarelli and  
Sig. Bizzozero, am ongst others, I  m easured  th e  pulm onary  capacity  while the 
sym ptom s w ere m ost p ronounced , an d  again on the day w hen they had  
d isappeared , an d  found no difference after th e  cessation of th e  indisposition. 
Sig. B ertarelli’s average vital capacity  rem ained  a t 3,480 cub ic  centim etres, 
and  Bizzozero’s a t 4,200 cubic cen tim etres w ith sm all variations.
I f  we com pare the  vital capacity  o f the two keepers o f th e  R egina M ar­
gherita  H u t w ith th a t o f travellers w ho arrived there  suffering from m ountain- 
sickness, th e  conviction forces itself upon  us th a t the  quan tity  o f a ir w hich 
we in troduce  in to  the lungs has a  lesser efficacy th an  is generally thought.
F rancio li an d  Q uaretta , the two keepers o f th e  R egina M argherita  H u t, 
are, am ongst all the  inhab itan ts o f E urope, perhaps those who rem ain  for the 
g reatest leng th  o f tim e a t an  a ltitude  of 4,560 m etres every year. T hey  go 
up  a t th e  beginning of Ju ly  an d  stay till th e  end  of S ep tem ber if the w eather 
perm its.
In  sp ite  o f th e ir continually  ascend ing  an d  descending  th e  glaciers o f 
M onte  R osa w ith their provisions on the ir shoulders, their vital capacity  is in 
p roportion  to  the ir sta tu re  an d  weight.
F rancio li, w hose pho tograph  is rep roduced  in th e  nex t chapte r, is 1 m etre 
74 cen tim etres in  height, weighs 77 kilogram s, an d  has a  vital capacity  o f 4,017 
cubic  cen tim etres. B eno  Bizzozero, w hose sta tu re  is 1 m etre  78 centim etres, 
an d  w eight 59 kilogram s, has a  vital capacity  o f 4 ,200 cub ic  centim etres. 
F rancio li has never suffered from  m ountain-sickness ; B izzozero h ad  ra th er a 
severe a ttack  im m ediately  after his arrival a t th e  R egina M argherita  H u t, 
a lthough  his vital capacity  surpassed  th a t o f F rancioli.
Q uare tta  is 1 m etre  64 cen tim etres in height, has a w eight o f 70 kilogram s, 
a  pu lm onary  capacity  o f 3,790 cubic  cen tim etres, an d  never suffers from 
m ountain-sickness.
I  m ight h ere  ad d  a  long list o f persons who suffered from m ountain- 
sickness, a lthough  the ir pulm onary  capacity, in p roportion  to  the ir sta tu re  and  
weight, surpassed  the average.
V I.
I t  is indub itab le  th a t th e  exercise o f th e  legs p roduces an  augm entation  
o f the thoracic  capacity. M arey’s 1 researches on this sub ject a lone  afford a 
sufficient proof. In  my book  on physical education  I have w ritten a few 
pages in o rder to  show th a t th e  use o f th e  gym nastic appara tu s is no t essential 
to  th e  enlargem ent o f the thorax, th e  sam e effect be ing  p roduced  by w alking
1 M arey, Modifications des mouvements respiratoires par T exercice musculaire. Comptes 
rendus, 1880, p. 145.
and athletic sports. Prof. Z iem ssen recen tly  held  a lec tu re  in  M unich  on 
the im portance of sports in  th e  open air for young people, com m unicating  the 
results o f the observations m ade by h im self and  his assistan ts for m any years 
in the schools. Oi> com paring  th e  values ob ta ined  w ith the  sp irom eter he 
found that w hen th e  pupils re tu rn  after th e  au tu m n  holidays the ir vital 
capacity is greater than  w hen they  leave schoo l a t th e  end  of th e  sum m er. 
Prof. Ziem ssen a ttribu tes  this augm enta tion  to  th e  free m ovem ent in th e  
open air.
It is generally believed th a t a  so journ  in th e  A lps effects an  enlargem ent 
of the thorax. E xperim ents on th e  m em bers o f our expedition  d id  no t enable  
me to confirm  this, a lthough  we rem ained  for m ore th an  a m on th  on M onte 
Rosa, owing to  the  fact th a t we w ere already  tra ined  before starting. 
Marches in th e  plain also effect a  m axim um  expansion o f th e  thorax, 
which cannot be augm en ted  even by a so journ  in  th e  A lps.
Before me lies a  statistical register o f th e  vital capacity , height, weight, 
and age of my colleagues of the  T u rin  Section o f th e  A lpine C lub. T hese  
figures w hich I de te rm ined  w ith the u tm ost accuracy w ould doub tless please 
lovers of statistics, an d  m ight no t be w ithout use in  an th ropom etrica l investi­
gation, bu t I  fear the ir insertion  w ould render this w ork too volum inous, I  
therefore restric t m yself to  a sum m ary of th e  results.
Some m ountain-clim bers w ith a  pulm onary  capacity  above th e  average, 
suffer nevertheless from  m ountain-sickness.
Two excellent clim bers who have accom plished  th e  m ost difficult ascents 
have a pulm onary  capacity  below th e  average.
T hese results show th a t cu rren t opinion on th is sub jec t is n o t very 
reliable. Sm all lung volum e is therefore  no obstacle  to  ou r becom ing good 
climbers and  enduring  exertion an d  th e  rarefaction  of the  air on ascents. I t  
is not true tha t a  pu lm onary  capacity  surpassing the average ensures im m unity  
from m ountain-sickness.
V II .
Nearly every year w hen I go in to  th e  m ountains, I take  note , during  my 
first walks, o f the rate  a t w hich th e  m uscles o f th e  legs resum e th e ir w orking 
fitness.
I shall illustrate my m eaning  by an  exam ple. I f  I  take a  first w alk from 
Gressoney la T rin ità  to  L ake G abiet, passing by O rsia, an d  re tu rn ing  by the 
Netscio Valley, w alking slowly, I  am  four o r five hours on th e  way, ascending  
during this tim e from 1,627 m etres to  2,339 m etres, a  height, th a t is, o f 712 
metres. T h e  nex t day, an d  even two days afterw ards, th e  m uscles have n o t 
yet returned to  the ir norm al state, and  in stre tch ing  them  by pu tting  th e  foot 
to the ground 1 feel a  slight stiffness an d  pain . T h is  pain  is due  to  the
effort m ade during  th e  descen t to  coun terpo ise  th e  w eight o f the  body by
means o f m uscles no t yet inu red  to th e  work.
After a week’s exercise I go on foot to  th e  C ol d ’O len, stay there  for 
lunch, and  re tu rn  in  th e  evening. T h e  exertion  is in  this case doub le  the 
former, the ascen t being from  1,627 to  2,865 m etres, an d  yet th e  day
following I feel no t the least pain in the legs.
U ntil now, so far as I know, no m ethodical investigations have been 
made of the tim e necessary to  cancel the  effects o f training. I n  my book 
L'educazione fisica  delia  g ioven tù ,1 I  have touched  on th is subject, show ing
1 Chap. vii. section iv. p. 145.
th a t th e  augm enta tion  in th e  volum e of th e  m uscles due  to  exercise soon 
disappears, w hereas the inu rem en t o f th e  nervous system  is m ore persistent. 
“  F rom  these first experim ents it appears th a t the  effect o f exercise on  the 
nervous system , th e  in ternal effect so to speak," lasts longer th an  th e  peripheral 
o r m uscular effect.”
R especting  the change in  the capacity  o f the lungs, I  m ade an  im portan t 
observation  on Dr. A. Ferrari, one o f th e  m ost active m em bers o f ou r A lpine 
C lub. L ast year, in  the m onth  o f Septem ber, he  had  a vital capacity  of 
5,040 cubic cen tim etres and  a  w eight o f 7 1 4  kilogram s, his age being  tw enty- 
seven years a n d  his he igh t 1*82 m etres. T h e  m easurem ents were taken  
while he  was in  good training, having perform ed a  considerab le  n u m b er of 
ascents. D uring  the first few days th e  figure 5,040 c.c. was a lm ost constan t.
A fter the  repose o f a  m onth  his vital capacity  had  d im inished, an d  he 
was unab le  in  spite o f effort to pass th e  lim it o f 4,630 c.c. W e see from 
this experim ent how b rief is the effort o f tra in ing  on th e  capacity  o f the lungs.
I t  is my opinion th a t th e  adap ta tiona l im provem ents acqu ired  through 
exercise d isappear in th e  sam e order in  w hich they becam e m anifest. F u tu re  
research  will p robably  show th a t the expansion o f th e  lungs an d  the 
augm enta tion  o f th e  volum e o f th e  m uscles are th e  first phenom ena  to 
d isappear during  the repose of a  few weeks, then  th e  h ea rt will d im in ish  in 
volum e, an d  lastly, the acqu ired  capabilities o f th e  nervous system  will be 
lost. Som e of the la tte r will, however, ho ld  the ir g round  no thw ithstand ing  
the rap id ity  o f the ir acquirem ent. Cycling, for instance, establishes in us a 
n ice sense o f equilibrium  w hich rem ains w ith us th roughou t life, a lthough  the 
co-ordination  o f the m ovem ents called  for was developed in a few days in  the 
spinal cord  and  brain  w hich im m ediately  adap ted  them selves to  this new 
function .
M ountain-sickness decreases as th e  tra in ing  of A lpinists becom es m ore 
com plete, and  as th e  A lp ine refuge-huts increase in n u m b er an d  com fort.
W hym per rem arks th a t had  he to  chose betw een rendering  th e  A lps less 
laborious, or m ountain-clim bers m ore robust, he w ould prefer th e  latter. All 
are, I  th ink , o f his opinion. N evertheless it is ind ispensab le  to  the progress 
o f m ountaineering  th a t the  A lpine refuge-huts should  be m ultip lied  and , as 
m uch as possible, im proved.
T h e  conquest of the h ighest sum m its is now  com plete, the  m ost 
adven tu rous and  dangerous epoch  in th e  h istory  of ascen ts in E urope. 
M oun taineering  will now re tu rn  to  its norm al lines : the  serene contem plation  
o f th e  A lps, w ithout th e  m orb id  en thusiasm  for exhausting  m arches o r the 
m ad appetite  for dangers, will once m ore ho ld  sway.
D oubtless o thers have had  the sam e experience as myself, an d  have found 
th a t b ird ’s-eye views of great panoram as from  the loftiest peaks o f th e  Alps 
have scarcely left a  trace in the m em ory. T h e  m ost vivid im pressions of my 
A lp ine life are those o f days spen t in encam pm ents a t an a ltitude  betw een
2,000 an d  3,000 m etres, con tem pla ting  the  grand  profile o f the  Alps, 
adm iring  th e  perpetually  changing effects o f ligh t in th e  valleys or gazing 
with w onder a t the glorious sunsets. F a r from  civilisation an d  social 
annoyances, th e  fever o f care subsides, existence, viewed w ith m ore hum ility  
an d  m ore sincerity, assum es a poetic aspect o f unspeakab le charm .
I t  is my hope th a t m ountain-clim bers, renouncing  th e  vain glory of 
foolhardy ascents, m ay find the ir deligh t in travelling th rough  th e  Alps, 
inspired  w ith en thusiastic  affection for these g randest o f ou r m ountains.
A  m ountain-loving youth, to  w hom  a  ten t a t the heigh t o f th e  last
pastures is the fulfilm ent of the ir desires, w ould be  an  ideal ou tcom e of 
mountaineering. A  people w ho love the ir m ountains will certa in ly  becom e 
not only stronger physically, b u t will acquire  likewise a g rea te r m oral force of 
character.
V I I I .
In  the neighbourhood  of O xford I once had  th e  p leasure o f com ing across 
an encam pm ent o f s tuden ts  in a  wood. W hen th e  U niversity  term  is over 
these young m en set off in com panies for a boating  party  o f a few w eeks’ 
duration. In  the evening they cease rowing, p itch  their ten ts u n d e r the  
trees on the banks o f the river, begin cooking operations, an d  rest from  the 
labours of the day. In  th e  m orn ing  they  take to th e  boats again  a t an early 
hour, or else m ake a  longer ha lt in o rder to  fish, draw, shoot, o r read.
Cam ping-out is a  d ream  o f happ iness to  th e  stu rdy  E nglish  youth . O n 
the Alps nom adic life is still m ore delightful an d  salutary. A m ongst th e  
pleasantest recollections of younger years I co u n t two excursions w hich I 
made in the m oun ta ins w ith my knapsack  on my back. I  still p reserve the 
diary of a journey in Savoie undertaken  w ith a few friends in 1868. T hese  
were the first pages w hich I  w rote on  th e  A lps an d  now, th irty  years later, 
I still re-read w ith p leasure those youthful im pressions an d  first botan ical 
notes 011 the A lpine fiora. O f an o th e r excursion to  th e  G ran Paradiso , th e  
Little and G reat St. B ernard , w ith o th er studen ts, I  shall have occasion to 
speak later.
I am convinced th a t in  a great m easure I  owe my physical streng th  to  my 
love for ou tdoor life, to  my pred ilection  for walking, for exertion, to  a  
cheerful indifference to  ease an d  to  a con tem p t for id leness— in  a word, to  th e  
virtues of the m ountain-clim ber. I  w ould never advise any  youth  to  stay at 
large hotels unless obliged to  do  so. T h e  cen tres w hich offered th e  greatest 
attraction to A lpinists are  gradually  being transform ed in to  vast hospitals 
filled with the germ s o f phthisis owing to  th e  great influx o f consum ptive 
invalids. T h e  m ost e lem entary  cau tion  w arns us to  avoid  living or com ing 
into contact w ith these sufferers. A ny one w ho is free to  do  so, all leaders o f 
Alpine excursions shou ld  always choose those regions less frequen ted  by 
visitors and  flee all hotels w hich offer th e  g reatest luxury an d  ease. Y oung 
climbers who wish to  becom e strong  and  hardy  should  sojourn  a t considerable 
heights, and  for shelter give preference to  A lp h u ts  a n d  shepherds’ cottages.
For the sake of g reater independence, cam ping  is preferable to  all. 
With a ten t and  a bed  one is p rovided w ith a house of one’s own on th e  A lps, 
nor is the expenditure necessita ted  great. I f  two A lpinists club  together, take 
with them one guide an d  two porters, an  expedition  is easily organised and  
sufficient com fort ensured . T h e  field-bed, o f w hich I give a draw ing in Fig. 
46, weighs ten kilogram s a ltogether w hen packed  in to  th e  w aterproof bag 
furnished with straps for carriage, as may be seen to  th e  left o f th e  illustration. 
When the bed is set up  th e  w added w aterprool c lo th  serves as a  m attress. 
By means of a  chain  the  head-encl m ay be  raised  or low ered a t pleasure. 
Many consider a woollen or ind ia-rubber cush ion  unnecessary . O n our 
expedition we each h ad  two sheets ; bu t this, too, is luxury', for th e  rugs 
suffice. An ind ia-rubber basin  and  a  folding-stool, such as a re  seen near the 
foot of the bed in the illustration , com pleted  the furniture o f ou r tent.
Until free excursions have becom e an institu tion  am ongst clim bers, I  fear 
those will be few in nu m b er and  only of th e  w ealth ier classes w ho will be
ab le  to g ran t them selves the luxury of cam ping-out on the Alps. A ny one 
w ho has experienced the charm  of th is m ode of life will certain ly  prefer the 
ten t to fu rn ished  apartm en ts a t hotels. I  hope the  tim e is no t far off in 
w hich th e  different sections of th e  A lpine C lub  will in terest them selves in 
m aking it possible to  h ire th e  necessaries for expeditions o f this k ind. T h e  
progress o f hygiene an d  m oun taineering  is draw ing us onw ard to  these new 
ideals o f an open-air life. C o-operation will doub tless solve all difficulties.
I t  is difficult to  p red ic t th e  fu ture o f m ountaineering. S ince it has 
becom e an  art, “ th e  true  A lp in ist,” as V accarone said, “  loves a rt for a r t’s 
sake.” T h e  m ountains offer ever new difficulties to the clim ber, an d  spur 
h im  on to new deeds of daring. Som e though t th a t m oun ta ineering  w ould 
d ie a  na tu ra l dea th  w hen m an h a d  set his foot on all h itherto  un trodden  
sum m its. B ut this is no t the case. T h e  m ost daring  form of m ountaineering  
will survive so long as there  are  m en who feel th e  need  o f strong em otions. 
E ven  a  superficial exam ination  of the social psychology of our day will 
convince us th a t the keynote  o f our em otional gam ut is assum ing a  continually  
h igher pitch. T h e  m ore m odern  nervousness b lun ts sensibility, th e  m ore 
im peratively does it d em and  an  increase o f in tensity  in stim uli. T h is, too, is 
a  physiological law.
IX .
I t  is a  fatal e rro r o f th e  ru ling  classes to  d im inish  m ore an d  m ore th e  tim e 
destined  to  physical exercise in schools. A no ther p rejudicial effect o f p resent 
education  is th e  distressing uniform ity it aim s at, w hich suffocates all initiative 
in the young. A gainst an  excess o f th is k ind  there  is no o ther rem edy than  
the  p rom otion  o f vigorous b u t scientifically d irec ted  physical training. 
M oun taineering  is therefore, above all else, to  be recom m ended  to  young 
people ; no  o th er exercise gives perhaps a  greater im petus to indiv idual 
activity  or m ore effectually streng thens the  character an d  enlivens th e  in telli­
gence. T h e  m ost sim ple a n d  m ost na tu ra l m ode o f life gives th e  m ost 
satisfactory developm ent to  bo th  body an d  m ind.
A ll sports are  useful according to  su rroundings an d  indiv idual inclination, 
an d  all serve to invigorate an d  straighten  the  p resen t generation , growing 
round-backed  over its books. B ut all m ay becom e in jurious if followed to 
excess. Cycling had  the  m erit o f having given a pow erful im pulse to 
m uscular exercise and  to  have ren d ered  exertion popular. Now, however, 
we are  near pursu ing  th e  diversion to  a vicious excess.
Ch. du Pasquier, in  a  psychological article on the  p leasure o f cycling, 
pub lished  in the R evue Scientifique  in A ugust, [896, w rote th e  following 
m em orable w ords :—
“ I t  is com prehensib le  u nder these circum stances th a t im m oderate  bicycle 
exercise brings ab o u t a  sta te  in w hich activity o f th e  nerves is reduced  to  a 
m inim um  an d  the individual deprived  o f his personality , ju s t as m achine 
labour an d  the  division of labour rob th e  w orkm an of all initiative an d  reduce 
h im  to  the level o f an  au tom atic  m ach ine .”
C ycling is no t actually  a sport, it is a  m eans of locom otion, o f w hich an 
abuse  has been m ade by professionals w hom  the  public encourages by 
paying them . T h e  m ost serious in jury  p roduced  by bicycle races is the 
hypertrophy  of th e  heart. T h e  m ost ce leb ra ted  cham pions rem ain  a t their 
best only for a few years, they  soon a tta in  the ir m axim um  o f velocity and 
resistance, an d  then  becom e victim s to  cardiac hypertrophy . W hereas the
Alpinist increases in streng th  and  con tinues to  perform  difficult ascen ts even 
at sixty years o f age, th e  cyclist rapid ly  grows o ld  ; h is fam e an d  his 
existence are ephem eral, because he  exacts from his m uscles an d  b lood  a 
pressure to w hich the hum an  heart is unequal.
Only for those w ho use it w ith cau tion  is cycling an  advantageous 
exercise, and  several A lpinists have to ld  m e th a t it helps to  tra in  them . T h is  
is not due to the exercise of th e  legs, because the  m uscles w hich pu t the 
pedals in m ovem ent are no t all those called  in to  activity  w hen we walk. O ne 
may, in fact, be an  excellent cyclist, an d  a  very bad  w alker. T h e  use of 
cycling, considered  as a  sport, lies in th e  vigorous exercise o f th e  heart, 
because a  slight degree o f cardiac hypertrophy  such  as is p roduced  by 
moderate bicycle exercise, is an  advan tage  to  those w ho undertake  ascents.
Life in the m oun ta ins is best ad ap ted  to  re-invigorate th e  hum an  race. 
The recorded experience o f cen turies has tau g h t us this, an d  m odern  
medical a rt confirm s th e  sta tem en t by m eans o f  the clim atic cures th rough  
which num erous lives have been  saved from  th e  dep lo rab le  effects o f disease. 
Frequent walks, th e  sight o f nature , th e  co lder an d  drier a ir leave in  us a 
pleasing sensation, as though  our energy h ad  increased . T h e  apathe tic  
shake off their indolence, th e  languid  are  revived by th e  in tenser light. B ut 
training, above all, is a  factor in  these resurrections. In  the  m oun ta ins we 
see weak persons take lengthy walks an d  endu re  exertions such as they  w ould 
never have b o rne  in town. T h e  varied landscape, the  desire to  see new 
things, a  certain  am oun t o f com m on em ulation  increases th e  resistance. In  
the Alps all feel a  g rea ter need  of m ovem ent. T h e  wish to  streng then  our 
organism, to  reconstruct it by m eans o f th e  new life am id  th e  aw e-inspiring 
scenes o f m ountains an d  glaciers, the craving for exertion are  the inexhaustib le  
springs which will keep m oun ta ineering  for ever flourishing.
G reeting the arrival 01 a  m ountaineering party  a t the Regina M argherita H ut.
C H A P T E R  X II  
M O U N T A I N -S I C K  N E S S
I.
I N  1760 Saussure pub lished  a  no tice  in all th e  parishes o f th e  V alley of C ham onix , in tim ating  th a t he  w ould give a considerab le  rew ard to  any w ho found  a  path  by w hich th e  sum m it o f M on t B lanc m ight be reached. 
A t th e  sam e tim e he  p rom ised  to  pay th e  day’s w ork to  those whose attem pts 
should  prove fru itless.1
T h ese  prom ises effected nothing. O nly fifteen years la te r four m oun­
taineers from  C ham onix  a ttem p ted  th e  ascent. E very th ing  seem ed to  prom ise 
success. T h e  w eather was sp lendid  an d  th e  travellers n e ither m et with 
crevasses too  wide, n o r slopes too  steep. O nly th e  reflected rays o f th e  sun 
an d  th e  m otionless a ir p roduced  a  suffocating hea t w hich m ade them  feel an
1 Saussure, Voyages dans les Alpes. H istoire des tentatives que l’on a  faites pour parvenir 
à  la cime du M ont Blanc, tom e iv. p. 389.
aversion, disgust even, for food. I t  was after this essay th a t Jorasse  to ld  
Saussure it was useless to  carry eatables, an  um brella  in one hand  an d  a  bo ttle  
of smelling salts in th e  o ther being all th a t was needed.
Six years la ter th ree o thers crossed the g lacier w ith th e  in ten tion  o f going to  
pass the n ight on th e  m oun tain  L a  C ôte, and  had  clim bed  a considerable 
height when one of them , th e  m ost robust, was seized w ith an  invincible 
inclination to  sleep, w hereupon they tu rn ed  back.
Before Saussure’s tim e it was considered  dangerous even to clim b as high 
as M ontanvert.1 T h e  ap titu d e  and  streng th  for clim bing seem , like the 
resistance to  m ountain-sickness, to  have developed gradually  in A lpinists.
In  speaking o f m ountain-sickness Saussure w rites :—
“ I have observed ra ther a curious fact, an d  th a t is, th a t for certain  in­
dividuals there  are clearly defined lim its a t w hich the rarity  o f th e  air becom es 
insupportable to  them . I have often taken  peasan ts w ith me, who, a lthough  
otherwise very robust, experienced suddenly  a t a  given heigh t such a sense of 
discomfort th a t they  were absolutely  unab le  to m o u n t h igher ; n e ither rest, 
nor cordials, nor th e  m ost lively desire to  reach  the sum m it o f th e  m oun ta in  
could m ake them  pass th is lim it. Som e were seized w ith palp ita tion , o thers 
with vomiting, som e fain ted , o thers suffered from a  v io lent a ttack  o f fever, and  
all these phenom ena d isappeared  as soon as they b rea thed  a d enser air. I 
have seen, a lthough  in rare cases, th a t indispositions of these k inds obliged the 
sufferers to  stop  a t 800 toises above th e  level o f th e  sea, th e  lim it for o thers 
was at 1,200 toises, for several, a t 1,500 or 1,600.”
After the works o f Saussure, we m ust nex t consu lt th e  work of M eyer- 
A hrens2 in our investigation in to  the  causes o f m ountain-sickness. I t  is 
a book of only 140 pages, w ritten  w ith g rea t erudition , w hich, so far as the 
historical p art is concerned , seem s to  have served as m odel for B ert’s 3 great 
work. All the o ld  theories respecting  m ountain-sickness are  recap itu la ted  and  
explained w ith great clearness. F o r th e  p resen t study of m an in  the A lps 
Paul B ert’s book served as au thority  an d  encyclopaedia. Som e years later, 
Dr. Payot 4 issued a valuable thesis on m ountain-sickness, which, however, 
added little to w hat was already know n.s
I I .
T here is no t th e  least d o u b t th a t m ountain-sickness is no t caused  by the 
diminished atm ospheric  pressure, a lthough  th e  prim ary effects of the  rarefied 
air may becom e the cause o f o ther d is tu rbances. E ach  of these d is tu rbances 
has been in tu rn  considered  as th e  sole cause o f m ountain-sickness.
Fatigue and  th e  difficulty in  m oving th e  legs, which, as we shall p resently  
see, is a  very com plicated  fact announcing  an  inc ip ien t d iso rder in th e  func-
1 Ed. W hym per, Chamonix and the Range of Mont Blanc. London, 1896, p. 13.
5 Conrad M eyer-Ahrens, Die Bergkrankheit. Leipzig, 18.54.
3 Paul Bert, La pression barométrique. Paris, 1878.
4 Alexander Payot, Du mal des montagnes. Thèse. Paris, 1881.
5 In the Dictionnaire de Physiologie of Charles R ichet (tome ii., 1896) the ancient 
and modern bibliography of this subject has been collected by Carvallo. A  valuable article 
was recently published by Cl. v. L iebig (Die Bergkrankheit. D eutsches Vierteljahrschrift 
fiir öffentliche Gesundheitspflege. Vol. xxviii. ) In  a  future work I shall consider another 
writing of G. v. Liebig as well as the publications o f Loewy and  A ron, who studied the 
pressure of rarefied air in the alveoli o f the lungs. As I am convinced tha t their explanation 
of mountain-sickness is not sufficiently borne out by facts and does not satisfactorily explain 
the phenomena of the indisposition, I postpone the detailed discussion o f the work till later. 
The technical term s of experim ental criticism would be tedious to the general reader.
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tions of th e  nerves, were though t by A lexander von H u m b o ld t to  be a  sim ple 
physical effect o f the  d im in ished  pressure. “ T h e  th igh-bone,” he says, 
“  tends to  slip ou t o f its socket in the  pelvis, because the pressure of the air 
does no t suffice to  keep  it in  its place. O n th is accoun t we m ust first perform  
a  g reater m uscular effort, and  afterw ards can no  longer m ove th e  legs with 
ease.” T h is  explanation , enuncia ted  a t th e  beginning o f th e  cen tu ry ,1 was 
universally accepted , m any applying it also to  th e  knee-joint, w here we feel 
a  sort o f relaxation of the ligam ents w hen we are  a ttacked  by m ountain- 
sickness. T h is  hypothesis is now abandoned , because it has been  show n tha t 
th e  leg rem ains in  its place in spite o f its weight, even w hen in  th e  pneum atic  
cham ber the a tm ospheric  p ressure sinks below th a t prevailing on th e  h ighest 
m ountains.
T h e  two best know n, an d  I m ight alm ost say, m ost popu lar causes of 
m ountain-sickness are  fatigue and  indigestion. T h e  sudden  increase of 
fatigue during  th e  last p art o f an  ascen t w here the m ountain  is steepest, the 
lack of streng th  to  proceed, the pain  felt a t every step, led m any to  believe 
th a t the con trac tion  o f th e  m uscles was the  cause of m ountain-sickness.
In  the descrip tions o f expeditions up th e  h ighest m oun ta ins o f A m erica 
we som etim es read  of persons who d id  no t suffer from the rarefied air while 
riding, b u t who on alighting  from  th e ir m ules were im m ediately seized by 
m ountain-sickness.
T schud i, in  his P eruanische Reiseskizzen, relates th a t he had  already been 
one year in  Peru, an d  had  travelled  several tim es over m oun ta ins from 4,000 
to  4 ,500 m etres high w ithout ever suffering from  m ountain-sickness. O ne 
day, how ever, w ithout having breakfasted , he rode up to  a  heigh t o f 4,500 
m etres on a m ule, an d  then  lost the road. T h e  m ule was tired  and  T schudi 
was obliged to  proceed  on  foot, pulling  th e  m ule on beh in d  h im  by the reins, 
while he clam bered  ab o u t in search of the  path . H is  fatigue was certainly 
increased  by m ental agitation, an d  he im m ediately  began to  feel th e  influence 
o f the d im in ished  a tm ospheric  pressure.
“  A n indisposition , such as I had  never felt before,” he relates, “  caused 
m e increased  d iscom fort a t every step  ; I h ad  to  stop  to  draw  breath , w ithout 
being ab le  to  find sufficient a ir to  relieve me. I  tried  to  walk on an d  was 
seized by an  oppression w hich forced m e to  halt ; my heart beat so violently 
th a t I  could  hear its palp itations. M y b reath ing  was short an d  broken  ; 
it seem ed as though  a  great w eight were pressing on m y chest. My lips 
chapped , th e  little  blood-vessels o f the eyelids burst, an d  th e  b lood  trickled 
in to  my eyes. M y senses becam e inert, a  m ist spread before my sight, 
I  trem bled  and  had  to  stre tch  m yself on the g round .” A fter ha lf an hour 
spen t in an  alm ost unconscious sta te  he was ab le  to rem oun t the m ule and  
proceed.
I t  was also S aussure’s first idea to a ttrib u te  great im portance to th e  con­
traction  o f the  m uscles in the p roduction  of m ountain-sickness.
“ I f  th is exhaustion  were caused  by im perfect respiration , how should  a 
few instan ts o f repose during  w hich the sam e air is b reathed , apparen tly  restore 
ou r streng th  so com pletely ? ” 2
1 “  R ather let us examine the probability of the influence o f decreased air-pressure 
on lassitude, when the legs move in regions where the atm osphere is very much rarefied, since, 
according to the m em orable discovery of the two savants W eber, the leg, fixed to the body, 
is only supported in moving by the pressure of the atm ospheric a ir .” Ilum bo ld t, op. cit., 
p. 419.
= bau.„tue, Voyage dans les Alpes. Tom e ii. p 311.
A sufficient p roof th a t m ountain-sickness m ay m anifest itself in th e  absence  
of m uscular fatigue is fu rnished by the sufferings an d  the death , in  som e cases, 
of aeronauts.
I I I .
A m ore com plete  study of m ountain-sickness m ay be m ade in a few years’ 
time when the Jungfrau  railroad is opened. By m eans o f a  tunne l an d  a lift 
hundreds o f persons m ay be easily conveyed every day to  a  heigh t o f 4,166 
metres. T h e  Virgin, as this m oun ta in  has an tonom astically  been  christened  
from the dazzling purity  o f its snowy slopes, will have lost p art o f its charm  
by the beginning of the nex t cen tury  ; its frequen t avalanches will be no 
longer feared, an d  the m ost tim id  o f ou r species will ascend  to  th e  sum m it to 
hear the rum bling  of th e  glaciers an d  to  revel in the glorious sunsets, a  sight 
which as yet few have enjoyed.
T he  federal governm ent o f Sw itzerland, before approving the p lans for this 
railway, asked Professor K ronecker o f B erne “ if the construction  and  sub ­
sequent use o f th is railway w ere possib le w ithout inflicting in jury  on hum an 
health ? ”
A great responsibility  was laid on physiology by th is inquiry. By m eans 
of a few observations in  the pneum atic  cham ber an d  on th e  m ountains, 
Professor K ronecker had  to  foresee th e  w hole com plicated  series o f phen o m en a  
which m ay becom e m anifest w hen an  inquisitive crow d o f healthy  an d  
suffering persons is conveyed to  th e  sum m it o f the Jungfrau .
Professor K ronecker’s accoun t is one of th e  m ost im portan t w orks which 
have been w ritten on m ountain-sickness ; from  it I m ake th e  following 
extracts, w hich trea t o f the experim ents m ade on th e  B reithorn .
“ O n the 13th Septem ber, 1894, I  left w ith my wife an d  assistan ts for 
Zermatt. O n the 14th Professor Sahli, d irec to r o f th e  m edical hosp ita l in 
Berne, an d  his wife jo ined  us. O ur expedition  was com posed  o f seven 
persons : a  boy of ten years o f age, an  o ld  peasan t o f seventy, Ur. A rcher, of 
thirty, and  us four.
“ In  Z erm att, on the 14th Septem ber, the sphygm ographic curve o f each 
mem ber o f th e  party  was registered, the  pulse-rate, vital capacity , an d  the 
quantity o f hæ m oglobin  in th e  b lood  being likewise ascerta ined . O n the  15 th  
Septem ber, a t 3 a.m ., we left Z erm a tt by the light o f th e  m oon, w hich was a t 
its full, and  in a slight fog. T h e  caravan consisted  o f ab o u t sixty individuals. 
T he seven persons who were to  ac t as sub jects in the experim ents rode 
on mules, each  o f w hich was led by one m an. T h e  laboratory  servant who 
had to prepare the physiological experim ents an d  a hospital a tten d an t, sen t to 
us by D r. Seiler, also jo ined  the cavalcade. Tw o guides p receded  us, forty- 
two porters were to ld  off for th e  tran spo rt o f scientific apparatus, rugs, p ro ­
visions, and  carrying-chairs. T h e  ride by n igh t was ra th e r dangerous owing 
to the fog, b u t the m ajority  o f th e  seven sub jects were no t aw are o f th e  
risk.
“ A fter a warm breakfast in the lower h u t o f th e  T héodu le , th e  seven su b ­
jects seated them selves in  th e  carrying-chairs, six po rters being  to ld  off for 
each one. B ut soon th is n u m b er no longer sufficed. O ne porter tu rned  
back as he was suffering from  m ountain-sickness. R elays o f e igh t were 
necessary to carry any heavier m em ber of th e  party , an d  no less th an  six for 
the hoy. l)r. A rcher h ad  on  th is accoun t to  cross the  g lacier on foot. T h e  
last ascent was perform ed very slowly, so th a t we only arrived  on  th e  P la teau  
at 11.30 a.m. I  decided  to  rem ain  there  an d  give up  th e  idea of reach ing  the
sum m it o f the  B reithorn , as for this two m ore hours w ould have been 
necessary an d  we should  th en  no longer have had  sufficient tim e for experi­
m ents. A  strong  w ind was blow ing on th e  sum m it as m ight be seen by the 
gathering  an d  dispersion of th e  m ists upon  it. O ur p rudence  was well 
rew arded. W e found  a t this com paratively low halting-place (3,750 m etres) 
all th e  p rincipal signs of th e  alterations w hich th e  influence of a ltitude  p ro ­
duces in  vital functions. W e determ ined  th e  frequency an d  form of the pulse, 
the capacity  of the  lungs and  the general sta te  in  repose an d  during  the per­
form ance o f m oderate  work. T h e  characteristic  differences resulting  shall 
shortly  be published.
“ All felt well w hen they  rem ained  m otionless an d  a t the ir ease ; th ere  was 
no great th irs t an d  wine was distasteful. T h e  pulse was m uch m ore rapid, 
th e  pulse-curve show ed a  d im inu tion  in  the tension  o f th e  arteries, except in  
the  case o f the old m an in  w hom  th e  arteries had  lost the ir elasticity. T h e  
vital capacity  was less in all. T h ese  sym ptom s were the sam e in full-blooded 
an d  in ra th e r anæ m ic persons. Professor Sahli was o f opin ion th a t all had  a 
slight degree of cyanosis, the  skin being b lu ish  although  there  was no wind 
and  the a ir was alm ost tepid.
“ T h e  m ost im portan t and  m ost appreciab le  sym ptom  was the  pernicious 
influence of th e  slightest m ovem ents. T w enty  steps on the  slightly sloping 
glacier, on w hich one could  easily walk, w ere sufficient to  cause a feverish 
pulse (from  100 to  160 pulsations per m inute). E ven  in th e  guides and  
robust porters, tw enty steps caused  th e  pulse to  rise from  100 and  108 to 120 
and  140 pulsations per m inute. M ost o f us felt a  palp ita tion  of the heart 
an d  an oppression in b reath ing  w hen we m oved. S tooping caused discom ­
fort as also the  lightest w ork w hich required  a tten tion , as, for instance, the 
registration  of the pulse. T ak in g  pho tographs an d  preparing  or packing up 
instrum ents were still m ore fatiguing an d  could  only be accom plished with 
intervals o f repose.
“ A t 7 p.m . all the  party  h ad  re tu rned  to  Z erm att in the best condition .
“ A  co-ordination  o f all these sym ptom s convinces m e th a t m ountain- 
sickness originates in  c irculatory  d is tu rbances. Persons seized w ith it appear 
as though  suffering from heart-disease. T h e  cyanotic (b lu ish) skin bears ou t 
th is classification. D eep  b reath ing  gives little  relief. T h e  d im in ished  
pressure p roduces a  d ila ta tion  o f th e  blood-vessels in the lung in consequence 
o f a  stagnation  o f the  b lood in  the sm aller c irculatory  canals, and  this gives 
rise to  a  d ila tation  o f the righ t ventricle o f th e  heart. S trong irritation  of the 
sk in  may p roduce  a reflex contraction  o f th e  blood-vessels (hence the bene­
ficial influence o f th e  w ind w hen it is no t too  cold). M uscular exertion 
excites th e  heart already abnorm ally  irrita ted  in consequence of congestion. 
T h e  d ila ted  veins con tain  so m uch b lood  th a t the pressure d im inishes in  the 
arteries and  even th e  brain  receives an insufficient quan tity  o f b lood  (som no­
lence, fainting) ; th e  gorged cond ition  of th e  vena porla  causes th e  failure of 
appetite , nausea, an d  vom iting. T h ese  phenom ena  canno t arise from the 
lack  o f oxygen, for in th a t case th e  b rea th ing  w ould becom e profound, the 
indisposition  w ould d isappear on the g reater in tensity  o f respiration , and  
w ould augm ent in  th e  sam e p roportion  as th e  oxygen d im in ishes.” '
'  II . K ronecker, Ueber die Bergkrankheit m it Bezug a u f  die Jungfraubahn. Bern, 
21st Nov., 1894, p. 21.
IV .
Conway recently  perform ed a  jou rney  th rough  the  H im alayas, o f w hich I 
have already m ade m ention  in th e  preced ing  chapters. A fter his re tu rn  to  
London he consigned  th e  m aterial o f his physiological observations to  the 
distinguished physiologist, Roy, for exam ination .
“ O n the peak we felt m uch  w orse on slopes th an  on the  a rê te ,” Conway 
writes,1 “ we had difficulty to restrain  ourselves from  tak ing  to th e  co rn ice .” 
This observation was repeatedly  m ade, and  R oy gives it as his op in ion  tha t 
the indisposition  was caused  by an  a lteration  of th e  air. I  shall here  quote 
a passage from R oy’s m em oir :—
“ C onw ay’s observation  th a t m ore distress was experienced in  hollow 
places than  w hen walking on an  a rê te  confirm s w hat has been  no ted  by 
others. T h is  m ay be due to  the  fact th a t w ater takes up  m ore oxygen than  
nitrogen from the air, so th a t w hen on a  high peak  the sun falls upon  the 
snow, m elting a  certa in  part o f it, th e  neighbouring  air is robbed  o f som e of 
its oxygen.”2
T hus the old opinion of Saussure th a t the  a ir is a lte red  in the stra ta  
touching th e  snow is p resen ted  to  us again in  a  new dress an d  supported  by 
the authority  o f an em inen t physiologist. B ut in  1830 B oussingault show ed 
that only the  air held  within the pores o f the  snow  con ta in s less oxygen, th is 
gas being m ore easily soluble than  n itrogen in water, an d  re jec ted  the opin ion 
which he had  a t first accep ted  from  Saussure, nam ely, th a t in  m elting  the 
snow draws the oxygen from the  air. T h ese  views B oussingault m aintained, 
not only as borne ou t by his analysis o f air, b u t also because o f th e  correct 
reflection th a t if Saussure’s explanations were reliable, m oun tain-sickness 
ought also to  m anifest itself in th e  plain in  w inter. L a te r F ran k lan d  analysed 
air taken on th e  sum m it o f M ont B lanc an d  found  th a t its com position  was 
the sam e as th a t o f the  air o f C ham onix.
T he  chem ical analyses o f the air m ade by my b ro ther, an d  by Z untz  and  
Lcewy, on th e  sum m it o f M onte R osa, confirm ed the  fact that, on the  top, a t 
a height o f 4 ,560 m etres th e  com position  o f th e  air is constan t. T h e  m ove­
ment o f the  a tm ospheric  ocean is so con tinuous, th e  curren ts, even w here 
heat is m ost suffered from, are  o f such  ex ten t and  velocity th a t slight a lterations 
such as those p roduced  by th e  m elting  o f th e  snow do  n o t sensibly m odify 
the com position o f the  air. T h is  need  no t surprise us w hen we rem em ber 
that the m ost m inu te  chem ical analyses of the  air in  forests have no t revealed 
any influence of the  vegeta tion  on the  air u n d e r the trees. So m uch  th e  less 
probable does it appear th a t m an shou ld  feel th e  effects o f m inim um  variations 
since m uch g reater a lte rations pass unnoticed .
T he  fact th a t m ountain-sickness is very in tense in  its effects on  bare, 
rocky m ountains also  m ilita tes against th is theory. Zurbriggen to ld  m e th a t 
he suffered m ore on bare  m oun ta ins than  on snow or ice.
V.
W e m ust d istinguish  two forms o f m ountain-sickness : th e  acu te  an d  the 
slow form. T h e  acu te  form breaks ou t suddenly  on th e  en trance  in to  
rarefied air, th e  slow form  m anifests itself later, an d  o th er deb ilita ting  causes,
1 Climbing and Exploration in the Karakoram-Himalayas, p. 113. London, 1894.
2 C. F . Roy, Mountain-Sickness. Based on notes by M r. W . M . Conway of his experi­
ences in the K arakoram -H im alayas, p. 119.
besides the barom etric  depression, often con tribu te  to  p roduce  it. T h e  
g reater frequency o f th e  pulse, nausea, vom iting, physical p rostration , w hich 
m ay even incapacitate  one for m ovem ent, th e  livid co lour o f th e  skin, the 
buzzing in  the  ears, d im m ed sight, fainting-fits, a re  all phen o m en a  character­
istic o f th e  acu te  form.
T h e  slow form  is no t accom panied  by nausea an d  vom iting, the  d im inution  
o f appetite  and  th e  o th er d is tu rbances o f th e  digestive system  are  less serious 
th an  in th e  acu te  form, th e  difficulty in  breath ing , th e  palp ita tion  o f the 
heart an d  lassitude cause m uch  less annoyance a lthough  they are m ore 
persistent.
W h y m p er1 who, am ongst m ountain  clim bers has devo ted  m ore particu lar 
a tten tio n  to  m ountain-sickness, classified th e  phenom ena w hich we are  now 
considering  as transitory  and  'permanent phenom ena. I  should  willingly 
have accep ted  th is classification d id  it no t exclude certa in  com m on sym ptom s 
of th e  m alady. O ften all th e  sym ptom s are transitory, as one often notices 
in  th e  A lps w here som e A lpinists suffer only on th e  first day  of the  expedition, 
even though  they m ay afterw ards ascend  to  g reater heights.
C onway rem arks th a t on th e  Isp ar Pass, 17,650 feet high, no t one o f his 
party  suffered from  m ountain-sickness, w hereas low er dow n the m alady had  
m ade several victim s. T hose  who are  well tra ined  an d  resistan t only suffer 
th e  slow form  of the  sickness. T hus, for instance, the  b ro thers Schlagintw eit 
after ascending  th e  Ib i G am in as high as 22,230 feet suffered fatigue such as 
they  had  never felt in the ir lives before, b u t no th ing  else.
N either d id  Conway suffer from  th e  acu te  form. H e  describes as follows 
h is condition  on arriving a t th e  greatest a ltitudes o f th e  H im alayas w hich have 
as yet been  reached  : “ T h e  n igh t a t th e  h ighest cam p a fte r  the  ascen t o f 
P ioneer P eak  was our w orst n igh t ; pa lp ita tions constan tly  woke m e up. In  
th e  descen t we felt d iscom fort (such as was experienced in the ascen t betw een 
Ju n c tio n  and  Foo tstoo l C am p) dow n to  a m uch  low er level, as far as C orner 
C am p (13,000 feet), th an  we had  felt in  th e  ascent. W e seem ed to  becom e 
continuously  less ab le  to  ho ld  ou t against a ltitude  th e  longer we rem ained  at 
a  h igher level. I  several tim es took my tem perature , b u t never h it it a t 
any th ing  b u t no rm al.” 2
I t  m ust be borne in m ind th a t in  this division o f m ountain-sickness 
acclim atisation  ceases a t g rea t heights, because, in consequence o f the  ever- 
increasing  weakness, we becom e m ore sensitive to  th e  action  of the rarefied 
a ir ; thus we see from  the foregoing quo ta tion  th a t C onw ay and  his com ­
pan ions felt w orse when they  descended  to  low er levels.
T h e  necessity  o f d istinguish ing  th e  effects o f w eakness from  those  of 
rarefied air now becom es apparen t. D uring  th e  ascen t one is stronger and  
m ore resistant, w hereas in descending  one is a ttacked  by m ountain-sickness 
a t lesser heights owing to  th e  sta te  o f greater exhaustion  b rough t ab o u t by the 
casualties o f the excursion. T h is  is th e  reverse o f w hat takes place in  the 
acu te  form, w hich d isappears, as we have seen, w hen one passes from th in n er 
in to  denser air.
E ven  on M onte R osa  a t an a ltitude  of 4 ,560 m etres the  acu te  and  slow 
form s of m ountain-sickness are  easily d istinguishable. Several o f ou r party  
suffered from  nausea and  vom iting, v io lent headache, physical p rostration
1 E dw ard W hym per, Travels amongst the Great Andes o f the Equator. London, 1892, 
P- 374-
2 W . M. Conway, Climbing and Exploration m  the Karakoram-Himalayas. Scientific 
Results, p. 113.
with loss o f appe tite  an d  sleep. In  m yself an d  others, on th e  contrary, 
phenom ena of th e  slow type m anifested  them selves.
Many will have no ticed  old people apply  the ir o u ts tre tched  hands to  their 
sides, while they erect the  vertebral colum n, a t th e  sam e tim e draw ing a  deep  
breath. D uring  our so journ  a t th e  R egina M argherita H u t these m ovem ents 
became hab itual to me. C onw ay likewise m entions th a t on the H im alayas 
he experienced d iscom fort w hen his arm s hung dow n by h is sides, an d  relief 
when he supported  them  on th e  hips.
W hym per an d  C arrel on C him borazo had  no o th er sym ptom s th an  th e  
difficulty in  breath ing  and  fatigue. A t an  a ltitu d e  o f 16,664 feet they could 
110 longer work, w hereas M r. Perring, who was w ith them , was qu ite  well. 
At a height o f 17,000 feet C onw ay felt his heart beating, he  could  no t sleep 
on the left side an d  experienced d iscom fort on changing his position. H e  
breathed fifteen tim es in th e  m inute, suffered when tak ing  topographical 
observations, an d  from laboured  b rea th ing  even w hen only read ing  th e  
therm om eter an d  barom eter.
T here  are  som e A lpinists who affirm th a t they  have never suffered from 
m ountain-sickness, and  books w hich relate the story o f th e  great ascen ts in 
the Alps w ithout even m ention ing  th is m alady : 1 this arises from inadequa te  
observation. T h u s  does incip ien t deafness escape no tice so long as we only 
listen to  the usual voices an d  noises, w hereas th e  defect o f hearing  becom es 
im mediately apparen t w hen a m ore delicate test, such as the  tick ing o f a 
watch, is applied.
V I.
After his ascen t o f M oun t E tn a  in 1671 th e  ce leb ra ted  physiologist 
Horelli described  the phenom ena of m ountain-sickness an d  endeavoured  to  
explain them  by the theories o f the effervescence of th e  b lood  an d  o f force. 
I need not consider these hypotheses a t length , because th e  analysis o f 
physiological phenom ena has progressed so greatly in th e  course o f two 
centuries th a t B orelli’s opin ions on this sub ject have no  practical im portance, 
remaining of in terest only as part o f th e  h istory  o f physiology.
M ountain-sickness is experienced  on M oun t E tn a  w hen th e  tem pera tu re  
is mild and  there  is no snow. Som e indeed  m ain ta in  th a t th e  average of 
cases is h igher there  th an  on o ther m ountains o f th e  sam e height.
From  am ongst the m any observations on th e  occurrence of m ountain- 
sickness on M ount E tna , I  select th a t o f D r. F a ra l l i2 w hich will give an 
idea of the frequency of the  m alady on th a t volcano :—
Early 011 the morning of the 18th Septem ber, 18S0, we started from Biancavilla in two 
squads, the first, composed of thirty-tw o individuals a-foot, the second, of over seventy 
persons, besides guides and m uleteers, all m ounted.
The number of cases of mountain-sickness am ongst my companions was, I noticed, much 
greater than is usual on o ther m ountains o f the same height as M ount E tna.
Though only attaining a serious degree in a few individuals, sufficiently characteristic 
although mild phenom ena of the sickness soon began to develop in a relatively large num ber 
of persons. Even on the short stretch through the G rotta  degli Archi one of us, in spite of 
his having till that m om ent performed the journey riding, began to suffer from a  difficulty in 
breathing which forced him to halt after a  few steps and follow my advice of drawing deep
1 Levassent, les Alpes et tes grandes ascensions. Paris, 1SS9.
3 Giovanni Faralli, Il congresso alpino di Catania e l'ascensione' dell Etna, 16-20 
Settembre, 1880. Annuario Società degli A lpinisti T ridentini.
inspirations so as to recover breath sufficient to enable him to cover the few tens of 
metres which lay between him and the doubtless longed-for refection.
W hen we arrived at Casa Etnea  (a lt., 2,942 metres) about th irty  individuals showed 
manifest symptoms of mountain-sickness, lassitude in the m embers, difficulty in the 
breathing a t the slightest movement, dryness of the throat, nausea, in some cases vomiting, 
headache, sadness and apathy  during the glorious sight, to which all had looked forward, of 
the setting o f the sun and rising o f the moon. O f these thirty  sufferers only two belonged to 
the walking party, the others had ridden alm ost the whole way on their mules. O f the two 
foot-travellers, the phenom ena were in one so insignificant that although he could take but 
little food, he was yet able to climb the cone of the m ountain, whereas the other victims of 
the evening before had neither the necessary physical force, nor the will to a ttem pt the climb 
to the sum m it which had been the object of their am bition at starting.
D r. Faralli a ttribu tes  th e  greater frequency o f m ountain-sickness observed 
by him  on M ount E tn a  to  th e  g reater rapid ity  w ith w hich the barom eter 
falls.
T he greater num ber of ascents are not performed starting from the sea-level, but from a 
g reater or lesser elevation a t which the equilibrium in the gaseous exchange in the lungs 
has already become re-established.
O n M ount E tna , therefore, time is lacking for the establishm ent of the necessary com­
pensation.
T o  this must be added the rapid fall of the tem perature, which is more precipitate 
perhaps than on any o ther ascent. D uring our excursion the minimum observed at Casa Etnea 
was o"4°. I f  we com pare this low tem perature with that o f 40° prevailing a t that time in 
C atania, we can easily form an idea o f the nutritive effort necessary to m aintain the equili­
brium of the animal tem perature while tha t of the air undergoes so rapid a  change. This 
therefore is a  factor not indeed capable alone o f producing mountain-sickness, but of 
favouring and hastening the appearance o f the phenom ena when the necessary tension 
of oxygen begins to be lacking in the air.
S tatistical da ta  w hich have till now been  co llected  relating  to  m oun­
tain-sickness leave m uch  to  be desired  in  p o in t o f accuracy, an d  yet the 
investigation  is in teresting  enough to  encourage observations o f th e  greatest 
exactitude. T h e  m axim um  percen tage o f cases recorded  on an ascen t has 
perhaps been  furn ished  by th e  expedition  up  M oun t E tn a  described  above : 
ou t o f a  h u n d red  persons th irty  suffered from m ountain-sickness a t an  a ltitude 
below  3,000 m etres, an d  o f these th irty  only two h ad  perform ed th e  ascen t 
on  foot, th e  o thers had  ridden . W e m ust no t th ink , how ever, th a t these 
h u n d red  persons w ho c lim bed  M oun t E tn a  on the  18th of Septem ber, 1880, 
w ere all m ountain-clim bers. In  th e  South , w hen there  is a festival o r a 
congress, th e  n a tu ra l en thusiasm  and  holiday m ood o f th e  ou tside  public 
lead  them  to take m ore p art in it th an  elsewhere. In  th is case we m ust 
rem em ber th a t th e  ascen t was greatly  facilitated, and  th a t the public 
recep tion  encouraged  m any to  jo in  th e  expedition  who w ould otherw ise 
perhaps never have u n d ertaken  th e  ascent. P recisely on th is accoun t this 
d a tum  o f 30 per cent, is im p o rtan t because  it shows how great is the  num ber 
o f cases, fu rn ished  by th e  popu la tion  of a  sou thern  city in  w hich only a  few 
m ountain-clim bers are  to  be  found.
V II .
R epo rts  o f ascen ts accum ulate  in the A lp ine reviews w ith such wonderful 
rapidity  th a t som e really  im p o rtan t clim bing expeditions u n dertaken  before 
th e  in stitu tion  o f A lp ine C lubs are  g radually  being forgotten. T o  these 
belongs the ascen t o f M o u n t D em avend, th e  ja s o n iu s  M ons  o f the ancients, 
th e  h ighest peak  o f th e  E lbu rz  M ountains, accom plished  in 1862 by M ichele
Lessema, professor o f zoology a t th e  U niversity  o f T u rin . A fter th e  descen t 
from M ount D em avend, w hich is nearly  5,670 m etres high, L essona w rote 
a letter to Signora L essona from T edgrisch  on th e  18th of A ugust. I t  was 
his in ten tion  to w rite a book ab o u t his travels in  Persia, b u t unfortunate ly  
this work was never begun. In  publish ing  a  few fragm ents o f th is letter, 
given to  m e by Signora A dele L essona, it is a  p leasure to  m e to  th ink  
that thus a  docum en t im portan t to  the  h istory  o f m oun ta ineering  is saved 
from oblivion an d  th a t I ren d er a  tr ibu te  o f g ra titude  to  th e  m em ory 
of my m aster. I n  these pages devo ted  to  observations on  m ountain-sickness, 
the artistic  na tu re  o f th e  w riter an d  th a t love o f th e  A lps w hich kep t 
him young un til th e  very last o f his busy life, m anifest them selves no tw ith­
standing.
“ W e started  on A ugust 9th, a t 2 p.m . from  T e d g r is c h : F e rra ti,1 D e 
Filippi, C lem encich , D oria, O rio, C enturion i, th e  E ng lishm an  C ham pain  
and I. W e had  th irty  m ules w ith us for m ounts an d  baggage-carrying, 
two E u ropean  servants, o f w hom  one was C lem ente, five Persian  servants 
am ongst w hom  two cooks, provisions o f food, rugs, &c. T h e  E ng lishm an  
took two ten ts with him  such as are  used  by th e  Sepoys in Ind ia , and  
an In d ian  servant o f his, who speaks A rabian  p re tty  well. F o r two hours we 
skirted th e  m oun tain  foot in an easterly  d irection , th en  we tu rn ed  to  the  
north an d  began  th e  ascent, clim bing up  high m oun ta ins an d  dowm into  
valleys an d  adm iring  the sure tread  o f these  incom parab le  P ersian  m ules. 
At eight o’clock, by a  beautifully  clear m oonlight, we arrived  a t th e  village of 
Afgià w here we m ean t to  pass th e  n ight. W e w ere lodged in a  house now 
the property  o f th e  Shah, w hich a  few years ago belonged  to  his P rim e 
M inister or Sadraazan, M irza A ga K han, a  m an w ho was th e  richest and  
most powerful in P ersia  an d  is now th e  poorest an d  m ost unhappy . H is  sad 
story I shall tell you la ter by w ord o f m outh . T h e  village of A fgià is 
situated half-way u p  the  slope of a  high m ountain , it is su rrounded  by trees 
and has an  ab u ndance  o f very pure w ater. O n th e  10th we b reakfasted  early, 
m ounted our m ules and  began  to  clim b th e  steep. A t m idday  we reached  
the sum m it o f M oun t V aldera  in glorious sunsh ine. B eneath  us lay the 
majestic stre tch  o f the L ar valley, th rough  w hich w inds the  river of the 
same nam e. T h ese  m oun ta ins have a  pecu liar aspect, there  is an  abso lu te  
lack o f vegetation, no trees su rround  th e  villages, b u t the valleys are so 
wide and  th e  heights so im m ense th a t com pared  w ith them  our A lps 
seem like little  hills. D o no t th ink  th a t I  m ean to  speak ill o f ou r A lps or 
that I d isdain  them  ; they  are  still to m e the  m ost beautifu l th ing  I have ever 
seen, bu t here  w hat is lacking in  grace and  beau ty  is m ade u p  for by wild 
and awful grandeur. W e descended  to th e  L a r  valley d o tted  over w ith the 
tents of nom adic shepherds. L eopard i’s poem  ‘ T o  th e  m oon ,’ an d  his 
1 Song o f th e  nom adic A siatic shepherd ,’ cam e to  my m ind. T h e n  we 
climbed upw ards again a n d  dow n once m ore, stopping  to d rink  som e w onder­
fully clear w ater in a  little  valley full o f springs. W e then  crossed  valleys 
full of herbaceous p lan ts w hich we had  never seen before, finally p itch ing  our 
tents a t 5 p.m . in th e  lovely little  valley o f A liar R han . A  rap id  w inding 
stream runs th rough  this narrow  dale  w hich closed beh ind  us, w hile before 
us, to the east, it opened , disclosing to  the left, a t no g rea t d istance, th e  
lofty and  snowy pile o f M oun t D em avend, th e  goal o f ou r exertions. W e
1 Ferrati was professor of geodesy, De F ilippi, of zoology, in the University o f T urin , 
Marchese G. D oria is actual president o f the Italian Geographical Society, Clemencich was 
captain of the staff, Marchese Centurioni was from G enoa, Orio from M ilan was a  bacologist.
d ined  w ith excellent appe tite  in  th a t ra th er fresh bu t very salubrious air, 
h u n ted  a few rare birds, co llected  little  w ater anim als, an d  slep t m arvellously 
well. O n th e  n t h  we w alked all day, arriving in th e  evening a t five o ’clock 
a t Ask, a  village which, were it in E urope, w ould be ce leb ra ted  an d  rich 
beyond expression on accoun t o f its m edicinal waters. Ju s t im agine, w ith us 
every little  th read  of ferruginous w ater is cherished  w ith the g reatest care, 
whereas here, near th e  en trance  o f th e  village, runs a  veritable to rren t o f th e  
k ind  ! In  th e  village a t every tu rn  warm su lphur springs bubb le  forth. Ask 
is situa ted  on the left bank  o f th e  Ear, w hich whirls an d  eddies th rough  the 
deep  an d  narrow  valley. A  bridge connects th e  village w ith th e  opposite 
bank, on w hich is a  single little  house a t w hich we stopped  to  pass the 
night. H ere  there  are no inns of any descrip tion , nor are  there  any in 
all Persia, b u t one always finds som e one who, for a  pecuniary  com pensation , 
will clear a room  where the traveller m ay spend  the night. T h e  room  is bare 
bu t the  traveller has his m ats, m attresses, and  rugs w ith him .
“ W e left Ask very early on th e  m orn ing  o f th e  12th an d  clim bed  a 
m oun tain  of very singular geological form ation. N ear M oun t D em avend  all 
th e  m ountains are  o f volcanic origin an d  the variety a n d  d isposition  of the 
rocks gave us an opportun ity  for observations an d  the collection  o f im portan t 
specim ens. N o geologist, no natu ra list had  v isited these spots before us. 
A fter th ree hours’ fatiguing ascen t on m uleback  we arrived a t A bilaron, 
a  village w here there  is a  therm al spring o f such high tem pera tu re  th a t it is 
im possible for a  ba ther to  w ithstand it. T h e  w ater w hich spouts ou t is 
therefore led in  sm oking brooklets to  a bathing-place s itua ted  som ew hat 
lower, w here it cools. I t  is a  un ique  spectacle to  see these steam ing 
brooklets runn ing  dow n th e  m ountain . I  have m ade som e in teresting  
observations on th e  tem pera tu re  o f these springs an d  on the  tem pera tu re  at 
w hich certain  sm all p lan ts are  first found grow ing in them . W e here m ade 
a slight refection, th en  re-m ounted an d  w ent on our way, continu ing  
to  ascend  m ore and  m ore difficult slopes un til in  the evening we arrived  a t the 
foot o f th e  great m oun tain  w hich we p roposed  to  a ttack  on the morrow. 
Before reaching this po in t we had  already passed th e  glacier-line and  were 
a t an  a ltitu d e  of 3,600 m etres above the  level o f th e  sea. T h e  cold was keen, 
an d  D oria  began to  suffer from the effects o f th e  rarefaction of th e  air, being 
troub led  w ith a  nausea, w hich p reven ted  him  from eating. I p roposed to  call 
th is p lace T hom pson  after the daring  E nglishm an who first passed  the night 
here  (as we were doing, reserving th e  ascen t for th e  morrow), and  my 
suggestion was unanim ously  agreed to. T h e  road w hich leads here is m ost 
aw kw ard ; th e  m ule th a t was carry ing our ten ts fell so th a t we could  only 
expect ou r ten ts th e  next day ; on this accoun t we were obliged to sleep 
in the  open air. W ell it was for us th a t we h ad  rugs in plenty, for the 
cold was severe ; C lem ente, who has taken  qu ite  a  m otherly care o f me 
on th is journey, covered m e up  from th e  ch in  to  th e  toes in  such  a m anner 
that, a t a  lesser altitude, I  should  have perspired  like a circus-horse, and  
this p ro tec ted  m e effectually from th e  cold ; nevertheless, after I  had  fallen 
asleep, C lem ente cam e back to  p u t a  w oollen cap  on my head, as he 
though t I  was no t sufficiently w rapped up a t th a t part. W e had  all placed 
our m attresses one beside the  o ther a n d  fell asleep all nestling  together, while 
looking a t th e  stars and  at th e  snowy D em avend  w hich looked dow n at us 
from above. O n waking a  w onderful spectacle m et our view, th e  peaks of 
th e  m ountains below us peered  ou t like little islands in the  m idst o f a wide 
sea o f dense fog, a sight w hich we greeted  w ith a  unanim ous cry of
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admiration. W e rose, an d  in o rder to  ob ta in  w ater h ad  to  b reak  th e  crust of 
ice on the little brook w hich was fed from th e  neighbouring  glacier.
“ We then  took two good cups o f tea  each, an d  as th e  g round  still p erm itted  
of it, we m oun ted  our m ules to  ride to  th a t p o in t beyond  w hich it w ould be  
impossible for the anim als to  advance.
“ T h is  was the  m orning o f th e  13th o f A ugust, an d  we s ta rted  a t 5.45 a.m . 
After th ree-quarters o f an hour th e  clim b becam e so steep  th a t it was im ­
possible for the m ules to go a step  further. W e d ism oun ted  an d  proceeded  
on foot, taking ten guides with us to  show us th e  way. T h e  g round  during 
this first part o f th e  clim b was form ed entirely  o f large pieces o f lava on 
which we should  have run the risk o f slipping had  we been  w earing our usual 
shoes, bu t the guides had  shod  us in a way o f their own, pu tting  our feet first 
into enorm ous woollen stockings and  then  in to  laced shoes o f k idsk in  w ith the 
hair on, and  in these th e  feet ad ap t them selves to  th a t sort o f g round. A fter 
ascending for ha lf an  hour D oria  began to  suffer so seriously from  th e  rare­
faction o f the air th a t he was obliged to  tu rn  back  ; he was troub led  w ith 
vomiting an d  oppressed breath ing, cou ld  gain no relief before re tu rn ing  to 
our place of encam pm ent, an d  even there  he still suffered, n o r d id  he  recover 
until we re tu rned  to A sk on the morrow. H is  sorrow a t being incapacita ted  
for reaching th e  sum m it was com pensated  for by the collection o f p lan ts and  
insects w hich he  was ab le  to  m ake a t th e  m ountain  foot.
“ A fter we had  passed the  m asses o f lava the ir place was taken  by pebbles 
and sand  on the precip itous slope, w hich rendered  th e  ascen t still m ore 
arduous.
“ A fter a  certain  tim e D e Filippi felt his b rea th  fail him , an d  was obliged 
to descend w ith the  E u ropean  servant who had  likewise un d ertak en  the 
ascent w ith C lem en te  an d  w ith us. C lem ente w ent on u n d au n ted  like th e  
hardy m oun ta ineer he is. W e clim bed  for five hours, an d  then  cam e to  a 
pass called here  Bcm sc B end , which, literally translated , m eans th e  C a t’s 
Pass.
“ T h is is a  pass over snow w hich presen ts som e difficulty, easily overcom e, 
however, w ith th e  help  of th e  guides. T h e  E ng lishm an  and  I, by th e  bye, 
were the only ones who needed  no assistance from th e  guides e ither in 
ascending or descending. Ju s tice  rem inds m e th a t I m ust m ention 
Clem ente’s nam e as well. A fter the  C a t’s Pass the clim b becom es ever 
steeper and  m ore fatiguing ; a t every few paces we had  to  stop to  stre tch  
ourselves in  o rder to regain ou r b rea th  an d  to  p u t a little  snow in our m ouths. 
In erecting m yself during  one o f these halts I  caught sight o f th e  o u te r rim  
of the crater partly  covered w ith snow an d  in part g listening w ith crystals of 
purest su lphur. W ith  an exclam ation I po in ted  it ou t to  the  E nglishm an 
who was near me, an d  it gave fresh courage to  bo th  o f us.
“ We crossed ra th er a w ide stre tch  o f snow, w hich is the second  p art o f the 
ascent p resenting  som e difficulty, a n d  found ourselves then  w ith ou r feet on 
the sulphur w ith w hich th e  h ighest part o f the m oun tain  is entirely  covered. 
Another half-hour o f painful exertion  an d  we were a t th e  sum m it. T h e  first 
to arrive was Signor O rio, w ho waved his silk h andkerch ie f tied  to  th e  end  of 
his stick as a  species o f banner, an d  m ade the so litude echo to th e  sacred  
cry of ‘ L ong  live Ita ly  ! ’ W e are  the first Ita lian s who have set foot up 
there. A fter O rio th e  E nglishm an C ham pain  reached  the top, th en  cam e 
Clemente, then  I, th en  C lem encich  an d  F errati, th en  the M archese C en tu rione  
from Genoa.
“ My guide, to  w hom  I had  given my m an tle  to  carry, was suffering so
m uch from  th e  rarefaction of th e  air th a t he could  no t reach th e  sum m it : it 
was cold a t the  top, b u t I  d id  n o t m uch feel the lack of extra covering ; I 
had  my shooting su it o f fustian and  a sturdy flannel underneath .
“ T h e  com panions w ho arrived w ith m e a t th e  cra ter suffered very little 
from th e  rarefaction  of the air— I, no t a t all. T h e  sum m it o f M ount 
D em avend  is a  real crater, in  part covered w ith snow, in part with 
sulphur. N either fire no r lava ever issue from th e  crater, b u t powerful 
stream s o f aqueous vapour an d  an  abundance  o f sulphur, w hich em anates 
in  a gaseous state, th en  solidifies, covering th e  rim  of the  cra ter an d  the 
h ighest slopes o f the m ountain . T h en  th e  snow falls on th e  su lphur layer, 
an d  th e  su lphur again on th e  stra tum  o f snow, an d  so on in  perpetual alter­
nation . W e rem ained  a t th e  top  for an hour. F errati began to  m ake 
barom etric  observations. I  a t first fell in to  a  reverie, full o f em otion, 
th ink ing  of my country  an d  of all ou r dear ones alive an d  dead  ; bu t 
C lem ente rem inded  m e presently  th a t we m ust collect som ething, and  so 
I  began to  seek together som e beautiful sam ples o f crystallised sulphur. 
From  the  sum m it we ought to  have seen th e  C aspian  Sea to  the no rth  and 
the forests o f M azanderan, b u t we only saw a w ide stre tch  o f clouds on 
every side. W e, too, were enveloped in a  little  c loud up there, an d  the 
guides who, only two or th ree in num ber, had  followed us so far, began to 
urge an  im m ediate  return , saying th a t th e  m ountain  m ight becom e covered 
w ith clouds an d  th e  road rendered  difficult.”
T h e  ascen t o f M ount D em avend, a heigh t o f 5,670 m etres, described  by 
L essona, is o f im portance also to  th e  statistics o f m ountain-sickness. M ount 
D em avend  is in  th e  sam e la titude  as M oun t E tn a  an d  is alm ost doub le  the 
heigh t ; th e  party  was com posed of eigh t persons, and  two only suffered from 
m ountain-sickness a t four-fifths o f the  ascent. T h e ir  resistance h ad  no t been 
acqu ired  by m eans o f previous ascents, b u t by th e  sim ple inu rem ent to 
exertion  given by th ree  m on ths’ journeying  by land  an d  sea.
F ilippo  D e F ilippi, in his accoun t o f h is journey  in P ersia w ith Lessona, 
w rites :—-
“ T he rarefaction of the air occasioned me more distress than the cold; a t an altitude of 
3,600 metres I  suffered from a severe attack  o f nocturnal asthma.
“ T he effect of the rarefaction of the air soon m ade itself felt in some of us. First one 
o f the guides halted, seized with a  fit o f vomiting, then Doria, and a t last, a t four-fifths of 
the ascent, I  was obliged enviously to renounce the idea of reaching the summit o f the great 
volcano, the glory of which achievement I  had hoped to share w ith my companions. My 
symptoms were nausea, dizziness, oppressed breathing, and an invincible desire to sleep as 
soon as I stopped to rest a  little . I  had to give in, therefore, and return to the encampment 
accompanied by one of the guides. ” 1
1 F . D e Filippi, Note di un viaggio in  Persia. M ilano, 1S65, p. 266.
Arrival of an expedition a t the Regina M argherita H ut.
C H A P T E R  X I I I
AN EXPEDITION U P M ONT-BLANC IN  i S g i
I.
BY chance  I cam e in to  con tac t w ith a part o f the expedition  of 1891. I  was acqua in ted  w ith D r. Jaco tte t, who d ied  o f inflam m ation  o f th e  lungs on th e  sum m it o f M on t B lanc, an d  w ent w ith the guides from  
Chamonix in search o f H e rr  R o the  an d  of a  guide who had  perished  u nder 
an avalanche in a  crevasse o f th e  P e tit P lateau .
T his expedition  had  been  organised  by th e  eng ineer Im feld , who was 
charged w ith th e  construction  o f  the  M on t B lanc observatory  u n d e r th e  
direction o f Janssen  an d  Eiffel.
On A ugust 13th Dr. Egli-Sinclair and  D r. G uglielm inetti left C ham onix  
and stayed two n ights a t the  G rands M ulets (alt., 3,050 m etres) in  o rder to  
accustom them selves to  th e  rarefied air. O n th e  14th th e  engineer Im field  
joined them  w ith ab o u t tw enty guides a n d  porters. T h e  nex t day they 
started a t 3 a.m ., reach ing  th e  V allo t H u t a t R o ch er des B osses (alt., 4,265 
metres) a t 10 a.m . in  good condition . In  th e  hu t, how ever, the ir state 
underwent a  change ; they  felt oppressed, sleepy, suffered from headache 
and a difficulty in b rea th ing  w hich obliged them  bo th  to  go ou t in  o rder
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to  b rea the  th e  fresh air. D r. Egli-Sinclair gives the  following descrip tion  
of his cond ition  :— 1
“ I sat dow n before th e  hu t, b u t felt even worse ; I  had  to b rea the  deeply 
an d  frequently  w ithout even then  feeling th a t I  had  got sufficient air. I  felt 
m ore an d  m ore th a t the accessory respiratory  m uscles were in  action  ; they 
h u rt me, a painful tension o f th e  hum eral m uscles causing great discom fort, 
a n d  I th o u g h t w ith com passion of pa tien ts w hom I had  often seen struggling 
for breath . H ead ach e  an d  slight nausea com pleted  my distress. Gugliel- 
m inetti cam e an d  sat dow n near m e ; he, too, b rea thed  frequently  an d  deeply 
— th e  com ical com parisons w hich he m ade relieving us no t in the least. W e 
rem ained  seated  for an  hou r w ithout noticing  any im provem ent ; ou r op ti­
m istic views of m ountain-sickness w ere considerably  shaken  now th a t we were 
observing its first an d  m ore pecu liar sym ptom  : b reath lessness ; for a  b rea th ­
lessness w hich becom es m anifest after exertion, w hich con tinues an d  increases, 
canno t be a ttrib u ted  to  fatigue. W e h ad  to  rise, for ou r feet th rea tened  to 
freeze.
“ G lad we were to  have people  a t our service w ho took off our boots and  
gaiters an d  p u t on our sabots, all o f w hich w ould have cost us som e trouble 
to  perform  ourselves. In  th is way we were m ade ready to  take our soup ; 
im possible to  say, however, w hether it was good or bad, for we had  no taste. 
T h e  red  wine tas ted  like ink, the w hite like v inegar ; only black coffee did 
n o t disgust us— I took it after swallowing two gram s o f phenacetin , th e  effect 
o f w hich becam e presently  noticeable, for I  began to  feel better.
“ I f  sleep forsook me, it was no t because of my hard, cold bed, no r o f the 
tem pest w hich how led the w hole n igh t through, b u t always because of the 
sam e th irst for air. T h ree  o r four tim es I  had  to get up  in  o rder to b rea the  
deeply, b u t w ithout ob tain ing  relief ; exhausted  an d  d iscouraged I  had  to  lie 
dow n again.
“ O n th e  17th of A ugust— th e  th ird  day, th a t is— I still no ticed  the  lack 
o f appe tite  an d  th e  rapidity  o f the  respiration.
“ O n th e  fourth  day of our so journ  our s ta te  began to  im prove little  by 
little. T h e  resp iration  was still slightly accelerated , b u t it d id  no t force 
itself upon our no tice  ; only w hen m aking som e effort— in  clim bing in to  one’s 
field-bed or getting  out, in pulling  on one’s coat, in  lying dow n— was it neces­
sary to  b rea the  deeply .”
T h e  average ra te  o f the b rea th ing  was from  20 to  28 per m inute. In  all 
th e  pulse was accelerated . Egli-Sinclair had  from  85 to  96 pulsations in the 
m inu te  ; G uglielm inetti from 72 to  84 ; Im feld  from  93 to  103. Betw een the 
13th a n d  25th o f A ugust Egli-Sinclair lost 7 kilogram s in  weight, Gugliel­
m inetti 3 '5, an d  Im feld  3 kilogram s.
T h e  descrip tion  w hich Dr. G uglielm inetti gives o f th is expedition  is like­
wise com fortless enough .2 T hey  suffered a great deal, he says, during  the 
first four o r five days ; were troub led  w ith vom iting, loss o f appetite, 
oppressed  b rea th ing  a t the slightest m ovem ent, an d  serious indisposition. 
I t  is ev iden t th a t th e  two days’ ha lt a t th e  G rands M ulets had  no t sufficed to 
accustom  them  to the rarefied air. G uglielm inetti says: “ M y physical energy 
was a lm ost gone.”
T h e  natu ra l p redisposition  o f Dr. Egli-Sinclair an d  D r. G uglielm inetti to
1 Egli-Sinclair, Sur le mal de montagne. Annales de l ’Observatoire m étéorologique du
M ont Blanc. Paris, 1893, p. 118.
3 E . G uglielm inetti, Trois semaines au Mont Blanc. L ’Echo des Alpes, 1894, No. 2 ,  
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m ountain-sickness was, doubtless, augm ented  by th e  cold. T h e  circum stance, 
which they  recorded, th a t there  was a  b roken  pane  in  the  h u t du ring  the 
storm, th e  confession th a t they cou ld  no t study the circulation  o f the b lood  
because “ the ir fingers were n um b  w ith co ld ,” show th a t th e  expedition  was 
not well organised  an d  th a t th e  stove was n o t in good w orking order. T hey  
refrain from saying so ou t o f politeness tow ards the ir host, Im feld . I  con­
sider it a  m istake to  have abo lished  th e  use o f w ood in the V allo t refuge. I f  
I am ab le  to  revisit M ont B lanc, I m ean to  w rite th is line from  H orace  on 
the door o f the h u t :—
“  Dissolve frigus ligna super foco.”
Dr. G uglielm inetti says clearly w hat the  tem pera tu re  was in  the hut. “ O n 
the morrow, the th ird  day, th e  w eather im proved, b u t it was still very cold, 
the therm om eter barely rising above o°, an d  ou tside it was — io°. T h e  ink 
had frozen during  th e  night, an d  we woke up  w ith icicles hanging  to our 
m oustaches.”
C old predisposes to  m ountain-sickness an d  aggravates its phenom ena  ; 
this has been  clearly show n by C onw ay in his accoun t o f h is last journey  in 
the H im alayas. A n o ther testim ony to  the co ld  suffered in the Vallot H u t 
during the sojourn  o f th e  expedition  o f 1891 is bo rne  by S ch rader,1 w ho says 
that the m em bers were always well clo thed , “  because even in th e  room s the 
tem perature sinks to several degrees below  zero. In cessan t efforts w ere m ade 
to heat the room , in w hich the tem pera tu re  h ad  fallen to — 70, an d  w here we 
shivered in' ou r supcradded  garm en ts.”
I I .
In  speaking of the  physiological observations w hich he  m ade on M ont 
Blanc, D r. G uglielm inetti says : “ T h e  porters felt b e tte r  th an  we did, because 
the greater part o f them  h ad  been  em ployed for som e days previously in 
enlarging th e  hut. All, how ever, said  th a t they  h ad  suffered during  the  first 
three or four days, and  had  becom e acclim atised  afterw ards w ith the  exception 
of two o f their num ber, who, in sp ite o f everything, and  no tw ithstand ing  the 
inhalation of oxygen, w ere obliged to  re tu rn  to  the valley.”
“ O ne of th e  m ost curious resu lts o f m ountain-sickness,” says D r. 
G uglielm inetti, “ was th e  ann ih ila tion  of th e  will an d  the com plete  indifference 
towards ourselves and  others. I  h ad  to m ake a  suprem e effort in o rder to 
determ ine the bodily  tem perature, w hich was norm al in all o f us (36"8° to 
37'5°). Pulse accelerated , betw een 96 a n d  103. R esp iratory  m ovem ents, 
from 23 to  30 per m inu te .”
T h e  quan tity  o f urine decreased  by 900 gram s per day, b u t less was d runk  
than in the plain. T h e  dynam om eter d id  no t ind ica te  any change in the 
m uscular energy.
T hese  observations were m ade th e  first day, bu t evidently  th e  effects o f 
m ountain-sickness still con tinued , for D r. G uglielm inetti adds : “ T h e  second 
night was very bad  again. Scarcely had  we w arm ed ourselves a little  under 
our rugs th an  one o f ou r guides cam e to  tell us th a t a  young P arisian  was 
being b rought in to  th e  h u t in  a  sta te  o f to tal exhaustion . I  endeavoured  to  
rise in o rder to  have som eth ing  prepared  for him , b u t it was absolu tely
1 K. Schrader, Une tourmente au Mont Blanc, 1S91. Annuaire du club Alpin Français, 
1S95, P- 28.
im possible. N o th ing  in th e  w orld could  have given m e th e  necessary 
energy.”
D r. Egli-Sinclair m ade researches on th e  quan tity  o f haemoglobin con ­
ta ined  in  the blood, an d  in  his accoun t he gives a tracing, from  w hich it 
appears th a t there  was a  m anifest d im inu tion  in  all th ree. H e  is o f opinion 
th a t a close connection  exists betw een th e  am oun t o f colouring substance  in 
th e  b lood a n d  m ountain-sickness, b u t his observations w ere m ade u n d er con ­
d itions so unfavourab le  th a t the  results a re  no t reliable. M oreover, Prof. 
K ronecker has po in ted  ou t th a t the phenom ena o f m ountain-sickness appear 
an d  d isappear w ith such rapid ity  th a t they  canno t certain ly  d epend  on the 
b lood, for th e  hæ m oglobin  canno t be destroyed and  rep roduced  w ith such 
p rom ptitude. C ertain ly  co ld  brings ab o u t a  different d is tribu tion  o f the 
blood-corpuscles a n d  serum  in th e  blood-vessels. A  sufficient p roof th a t 
these experim ents are  o f questionab le  value is given by G uglielm inetti’s 
rem ark  : “  Egli-Sinclair coun ted  u n d er th e  m icroscope th e  num ber of 
corpuscles con ta ined  in a  d rop  o f b lood  ex tracted  once a day from  the  tips of 
o u r frozen fingers.”
L a te r I  shall consider all the  studies on the b lood m ade during  ascents, 
a n d  shall show th a t the p resen t m ethods of investigation  are  n o t sufficiently 
exact. T h ese  observations of Egli-Sinclair a re  also rendered  less reliable for 
o th er reasons w hich it is here  unnecessary  to  enum erate. T h e  psychic state 
o f th e  experim enters was no t such as to  ensure accuracy in  the results o f their 
researches. Egli-Sinclair adm its th is him self. “  In  o rder to  co u n t the blood- 
corpuscles it was necessary, while exam ining them  w ith a tten tio n  u n d er the 
m icroscope, slightly to  ho ld  the b reath , w hich caused  m e m uch distress ; it is 
therefore com prehensib le  an d  excusable if th e  reckoning  was less exact than  
m ight have been  desired .”
T h e  lack of the necessary calm  for investigations p reven ted  D r. Egli- 
S inclair an d  Dr. G uglielm inetti from agreeing as to  th e  value o f th e  observa­
tions m ade. T h e  la tte r a ttrib u ted  th e  d im inu tion  o f hæ m oglobin  observed 
by Egli-Sinclair sim ply to  a d im inution  o f red  corpuscles, an d  says :—
“ O n A ugust 12 th, in C ham onix, I  had  6,400,000 corpuscles to  the square 
m illim etre, an d  only 4,000,000, on the 17th, in  the  hut, th e  num ber in ­
creasing, however, to  5 ,000,000 on the  21st. In  h im self the  nu m b er seem ed 
to  m e to  have fallen to  3,000,000. A lthough  E gli m ain tains th a t th e  correct­
ness of these figures canno t be certified, I  m ust, nevertheless, uphold  th e  fact 
o f th e  decrease in  th e  nu m b er o f red  corpuscles, as it gives great im portance 
to  th e  d im inu tion  of hæ m oglobin  on M ont Blanc, to th e  anoxyhæ m ia th a t is 
no ted  in som e drops of b lood .”
O n my expedition  up  M on t B lanc I learn t one thing, nam ely, th a t oxygen 
is o f no use against m ountain-sickness. T h is  d isappo in ted  me, because 
P au l B ert’s en tire  physiology is based  on th e  hypothesis th a t m ountain- 
sickness is due to  a lack of oxygen, an d  th a t th e  presence o f th is gas ensures 
an  im m ediate  recovery. Now  we are  all convinced th a t th e  carrying of 
supplies o f oxygen in to  the m ountains is useless, as also the adm in istering  of 
it to the  dying, n o t one o f w hom certain ly  was ever saved by it.
A fter having perform ed th e  ascen t o f M ont B lanc Dr. G uglielm inetti says, 
in speaking of th e  descent, w hen he  felt very ill : “  I  tried  to  inhale  oxygen, 
b u t d id  no t ob ta in  the  least relief.”
W hile we were in  th e  h u t a t th e  G rands M ulets the w eather was very bad. 
I  inv ited  M. F réd é ric  P ayo t and  the guides to  d rink  a glass o f w ine w ith me 
in th e  inn of th e  o ld  cook M arie. A fterw ards M. Payot asked m e to  his
house, o r rather, to  the h u t w hich he  had  h ad  co nstruc ted  near as a  dep o t 
for the Janssen  observatory w hich was to  be erec ted  on M on t Blanc. T h e  
first th ing  w hich struck me was a  heap  of iron  cylinders p iled  u p  in one 
corner o f th e  hut, an d  w hich con ta ined  com pressed  oxygen.
I had  seen som e of these  cylinders carried  up, b u t was surprised  a t the 
num ber o f them . . A s we sipped our w ine I  began an  inquiry, on m y own 
behalf, w hich I con tinued  afterw ards in  C ham onix, by talk ing to  th e  w orkm en 
who had  suffered from m ountain-sickness. T o  my aston ishm en t no t one of 
them spoke of any benefit ob ta ined  from  inhalations o f oxygen. T h a t 
evening as th e  guides sat drinking, one o f them  broke ou t w ith th e  rem ark  
that the w ine was be tte r than  oxygen, a n d  this was repeated  by all as a  good 
joke.
I I I .
A  terrib le  storm  burst over M ont B lanc in  th e  n igh t o f A ugust 19th, and  
the th u n d er con tinued  to  roll all th rough  th e  nex t day. O n th e  21st the 
provisions in the V allo t H u t began to  run  short. T h e  w orkm en w ho were 
engaged in constructing  th e  tunnel an d  in  seeking the  rock u n d er the dom e 
of M ont B lanc were discouraged. Jo sep h  S im ond, who had  tried  to  work 
while th e  snow was falling on th e  sum m it, had  com e dow n w ith a frozen foot 
and his hands com pletely  insensible. I t  was decided  to  send  a few m en 
down from th e  V allo t H u t. T w o o ther travelling  parties w ent dow n a t the 
same tim e, C oun t Favernay’s an d  H e rr  R o th e ’s.
T h ese  parties left the hu t separately ; having m et on th e  road they jo ined, 
only one rope  being used  for all. T h e re  w ere five w orkm en from  th e  Janssen  
observatory, th ree guides, an d  two porters. T h e  w eather was bad, an d  when 
they arrived  a t th e  P e tit P la teau  an  avalanche began to  descend  from  the  
D ôm e du  G oûter. I t  was so dark  th a t a lthough  they  heard  it approach  
they could  no t see it. T h e  last five m en on th e  rope  were p rec ip ita ted  by 
this avalanche in to  a crevasse. T h e  rope broke, an d  C oun t Favernay, one 
guide, and  a  po rter were afterw ards ex tricated . R o th e  an d  the guide, M ichel 
Simond, perished  u nder the avalanche.
W hen th e  news cam e to  C ham onix  a  rescue-expedition  was im m ediately  
organised. I  offered to  go as physician  to th e  scene o f th e  disaster, D r. 
Jacottet, w hose acquain tance  I had  m ade, ced ing  m e his post, as he was ind is­
posed. A t 3 a.m . we w ere ready, bu t th e  inclem ency o f the  w eather preven ted  
our departure . In  the m eantim e I ta lked  to  C oun t Favernay, w ho had  a  
wound in his forehead.
A t a b o u t 10 a.m . we left in  the  rain, our party  being fifteen in  num ber. 
On the road  we m et a  part o f the expedition , som e of w hom  were p roceeding  
more slowly, as they had  injuries. A  po rte r show ed m e the b roken  rope. 
One guide, w hose in juries I a tten d ed  to  on the  way, h ad  a  w ound on the 
head an d  an o th e r in th e  hand , w hich seem ed as though  caused  by som e 
sharp w eapon. W hen  the ice m oves w ith velocity, it can  cut, w ith its sharp  
angles, clean th rough  any rope.
D uring th e  n ight I slep t little  and  badly. T h e  o ld  servan t M arie, a t the 
Grands M ulets, a fter having to ld  m e how lively an d  full o f fun R o th e  was led 
me into th e  room  w hich he had  last occupied . She tu rn ed  dow n th e  sheets 
of the hum ble bed  and  w ished m e good-night. O n the  little  chest o f draw ers
lay a  book, w hich I  im m ediately  recognised as a  BaedekePs Guide. O n the 
yellow cover was w ritten  :—
“ H . Rothc, A llem agne,
Braunschw eig .”
I t  was a  sad  night. A t th ree in th e  m orning we s ta rted  again, th e  w eather 
be ing  still very bad. T h e  scene o f the d isaster was a deep  crevasse, which 
was half filled by th e  avalanche. T h e  guides shou ted  “  M ichel ! ” A nd 
th en  all listened, stre tch ing  the ir necks over th e  abyss. In  order to  reach 
th e  avalanche snow it was necessary to  le t one’s self dow n perpendicularly  
to  a  d ep th  of m ore than  th irty  m etres. In  a  m om en t all was ready ; five 
guides held  th e  rope, by w hich they  slowly let dow n one  of the ir com panions, 
who was fu rn ished  w ith an  axe. Im m edia te ly  afterw ards an o th e r guide was 
low ered in the  sam e way.
T h e  blows of th e  axe clearing th e  th ro a t o f th e  crevasse sen t up  a  dreary, 
m ournful sound, and  looking dow n from  above the faces o f th e  workers 
seem ed o f a livid, corpse-like hue  from  the b lu ish  reflection of the  ice. T he  
w ind blew  furiously in  our faces, and  from  th e  dark  sky a  fine snow fell, 
w hich rebounded  like grains o f sand. T hose  few inactive hours, spen t am id 
th e  fog, an d  sm arting  u n d er th e  icy w ind, w ith all one’s pow ers o f com m isera­
tion  roused  by th e  heart-b reak ing  scene, will always rem ain  in m y m em ory 
as the m ost te rrib le  hours I  have spen t in  th e  Alps.
W e w ere convinced  th a t all our efforts w ould only resu lt in the  d isin ter­
m en t o f two d ead  bodies. T h e  leader o f th e  guides, seeing th a t the w eather 
was grow ing worse, gave orders to  suspend  the u ndertak ing  ; we roped  our­
selves together an d  began th e  descent.
W hen  we arrived  a t  C ham onix  it was ra in ing  fitfully. A t one  of th e  first 
houses on th e  left side, near th e  en trance  to  th e  village, a w om an cam e to  the 
th resho ld  w ith a baby in her arm s, and  looked a t us fixedly, w ith red  eyes, 
w ithout speaking. I t  was th e  wife of M ichel Sim ond. W e passed by her 
w ith b en t heads ; n o t one had  th e  courage to greet her. As I looked  a t her 
I  felt m y own eyes fill w ith tears.
IV .
T h e  w orkm en, cast dow n by th is m isfortune, refused to  go up  again, 
a lthough  the w eather was splendid. O n A ugust 24th all th e  m em bers of 
the expedition  cam e dow n from th e  V allo t observatory, an d  on  th e  28th 
Im feld  w ent up  again, accom panied  by D r. Jaco tte t. I  had  visited the 
latter, an d  had  jestingly rem inded  him  th a t the  old P iedm ontese  had  shown 
m ore justice  tow ards his predecessor, D r. P accard , for th e  A cadem y of 
Sciences o f T u rin  had  nom inated  him  corresponding  m em ber. N ow  the 
nam e o f th e  physician  o f C ham onix  who first ascended  M on t B lanc is 
gradually  being forgotten, an d  no public  testim ony o f h onou r has been 
aw arded h im .1
D r. Jaco tte t was a  robust, b road-shouldered  young m an. A  few days later, 
w hen I was re tu rn ing  to  Italy , I  read  in th e  new spapers, to my g reat sorrow, 
th a t he  had  d ied  on  Sep tem ber 2nd on th e  sum m it o f M on t B lanc. T hus 
was an o th e r tragic inc iden t to  be  recorded  in  th e  an n a ls  o f th a t ill-starred 
expedition.
1 E d. W hym per, Chamonix and the Range of Mont Blanc, London, 1896, p. 24.
I give a few b rie f notes relating  to  D r. J a c o tte t’s death , k ind ly  p laced 
at my disposal by D r. G uglielm inetti an d  D r. W izard, w ho perform ed the 
autopsy in  C ham onix.
“ O n th e  i s t  o f Septem ber, after two days’ rest in  th e  hu t, du ring  w hich 
Jaco tte t seem ed to  feel b e tte r th an  he  d id  a t first, he c lim bed  to  th e  sum m it, 
rem ained there an hour, an d  then  re tu rn ed  to  th e  hu t. D uring  th e  n igh t he 
did no t sleep and  coughed  m uch, an d  com plained  a t breakfast o f headache  
and lack of appetite . D uring  th e  m orn ing  he  w rote a  le tte r to  his b ro th er a t 
V ienne, in  w hich he rem arked  th a t he had  passed so bad  a  n igh t th a t he 
would no t wish th e  like to his w orst enem y. H is  d istress increased  to  such 
a degree th a t Im feld  advised  him  to  descend  to C ham onix , b u t he  refused. 
H e w rote an o th e r le tte r to one o f his friends, telling  him  th a t he  could  no t 
write a t greater leng th  because o f th e  sick feeling w hich was to rm en ting  him , 
that he was suffering from m ountain-sickness like th e  o thers, b u t th a t he 
m eant to study th e  influence of a tm ospheric  depression  a n d  acclim atise 
himself. T h is  was, alas ! his last letter. H e  afterw ards threw  h im self on  
his bed, trem bling  w ith cold.
“ O n th e  2nd Septem ber, from  3 a.m ., v io len t shivering fits h ad  seized 
him, and  soon he  was no longer ab le  to  carry h is glass to h is m ou th  h im self ; 
he seem ed as though  paralysed, an d  began to  w ander. Oxygen w as given  
lo h im  lo breathe, bu t w ithout result. T h e  resp iration  was very superficial 
(60 to 70 brea ths per m inute), the pulse irregular (betw een 100 an d  120), th e  
tem perature 3 8 ‘3°. T ow ards six o ’clock in th e  evening he suddenly  ceased 
to speak, becam e som nolent, and  then  the  death-agony began. H is  face 
grew pale, and  tow ards 2 a.m . he  expired in th a t glacier hu t, a  victim  to his 
devotion to  science, like a  so ld ier on  the  field o f b a ttle .”
From  D r. W izard’s post-m ortem  e x am in a tio n 1 it appeared  th a t D r. 
Jaco ttet had  d ied  of capillary b ronchitis an d  lobu lar pneum onitis. T h e  
more im m ediate cause o f dea th  was therefore  probab ly  a  suffocative ca ta rrh  
accom panied by acu te  oedema o f th e  lung.
I have gone in to  the particulars o f th is sorrowful inc iden t because a  case 
of inflam m ation of the  lungs occurred  also du ring  our expedition , on  th e  
sum m it o f M onte  R osa, from  which, how ever, th e  sufferer fo rtunate ly  
recovered.
1 Copy of D r. W izard’s post-mortem report on D r. Jaco tte t, Cham onix, Septem ber 
4, 1S91 :—
“  Vigoureuse constitution, nombreuses lividités, cyanose m arquée des lèvres, du visage, 
des extrém ités, cerveau très-bien constitué. M éninges notam m ent congestionnées. J*as 
d’adhésions. Vaisseaux de la pie m ère augm entés de volume et gorgés de sang. E ta t 
piqueté de la substance grise, et blanche. R ien de particulier dans les centres, si ce n ’est 
toujours l’é ta t congestif secondaire à  un é ta t asphyxique.
“  Thorax. Pas d ’adhérences, pas d ’épanchem ent.
“  Cœur norm al, valvules suffisantes. Les cavités pleines de caillots.
“ Poumon couleur violet, gonflé, foncé, congestion b ilatérale, œ dèm e considérable, 
muqueuse bronchique injectée fortem ent. Le liquide de la coupe est écumeux. Congestion 
égale partout. Foie, rate, reins norm aux. Pas d ’œ dèm e des jam bes.”
Linty H u t.
C H A P T E R  X IV
OBSERVATIONS ON MOUNTAIN-SICKNESS
I.
M O U N T A IN -S IC K N E S S  as observed a t th e  G nifetti H u t (alt., 3,620 m etres) is generally  less serious than  a t the  G rands M ulets on M ont B lanc, a lthough  th e  form er is 570 m etres higher. T h e  reason of 
th is difference is th a t on M onte R osa we reach  heights co rresponding  to  those 
on  M o n t B lanc w ith g rea ter ease an d  less suffering from  cold.
A t th e  C ol d ’O len, a  few m etres below  th e  inn, lies a g reat rock. I once 
asked  why it  was called  the devil’s stone. I  was to ld  th a t people  felt ill when 
passing  it. P robably  by th is th e  first sym ptom s o f m ountain-sickness are 
m eant, w hich  begin to  m anifest them selves a t a  he igh t o f 2,800 m etres. I t 
was a  gu ide who gave m e the  inform ation , to  w hich he  ad d ed  th e  rem ark : 
“ Y ou see, how ever, th a t th a t b it is the steepest p art o f th e  ascen t.”
D u rin g  m y sojourn  on  M onte  R osa I  took  no tes o f those p laces where 
m ountain-sickness m akes the  m ost victim s. In  th e  v isitors’ a lbum s in  the
ISO
inns on the slopes o f M onte R osa an d  in th e  h u ts  I found  rem arks w ritten  
on visiting cards or leaves o f paper, an d  left beh in d  by th e  travellers as a  
souvenir. A  perusal o f these docum ents show ed th a t the re  are  th ree  po in ts 
which p resen t th e  g reatest difficulty to those  p red isposed  to  m ountain-sick- 
ness. T h e  first is a  steep  a  little  above th e  G nifetti H u t ; th e  second  a slope 
leading to  L ysjoch ; th e  th ird  G nifetti Peak, on w hich is th e  R eg ina  M argherita  
H u t. T h ese  are  all p laces w here th e  ascen t is steeper an d  th e  fatigue, in  
consequence, greater.
A  friend o f m ine h ad  fits o f vom iting, a lthough  fasting, a little  above 
G nifetti H u t, but, no th ing  daun ted , he  co n tinued  th e  ascent, an d  arrived at 
the R egina M argherita  H u t in  a  cond ition  so m uch  im proved  th a t he  was 
able to  ea t there. O ne A lp in ist d id  n o t suffer in clim bing th e  V incen t 
Pyram id, bu t was a ttacked  by th e  sickness during  the  descen t, an d  vom ited  
the w hole n ight in  G nifetti H u t.
S ignor B., a  lawyer, suffered repeated ly  a t a  he igh t o f 2,800 m etres from  
m ountain-sickness w ith som nolence, corpse-like pallor, vom iting. H e  fell 
down, an d  rem ained  for several m inutes incapable  o f moving.
An A lp in ist who was crossing th e  Lys g lacier against th e  w ind experienced 
a sensation  o f nausea, w hich d isappeared  w hen he  halted  an d  tu rn ed  his back  
to the wind.
T h e  D eputy , M. de  Cristoforis, one o f the best know n physicians o f 
Milan, left th e  following w riting in G nifetti H u t :—
“ I  am  sixty-one years o f age. T h is  ascen t occasioned m e no t the  slightest 
m uscular fatigue. M y daugh ter an d  a nephew , ten  an d  a h a lf years old, were 
with me, and , so far as ou r m uscles w ere concerned , we could  have con tinued  
the ascen t for six hours longer. W e felt th e  lack o f  oxygen, had  a sense of 
constriction and  oppression in th e  epigastrium , an d  th e  thorax  was tired  from 
our deep  breath ing. M y pulse had  risen from  its norm al o f 6 0 -6 4  beats 
per m inu te  to 125-140. T h is  exaggerated circu lation  lasted  all day and  
all night, no tw ithstanding  th a t I  was in perfect repose. W e all felt a  disgust 
for food, th e  guides as well. I  ascended  for two hours an d  a h a lf beyond  
Gnifetti H u t ; th e  o thers (m y brother-in-law  w ho weighs 105 kilogram s, my 
wife who is slightly built, my d augh ter tw enty-three years old, an d  a boy ten  
and a  h a lf years o f age) w ent as far as the  R egina M argherita  H u t. T h e  
higher they  clim bed  the m ore in tense  becam e the  phenom ena  of oppression 
and nausea. T hey  re tu rn ed  w ith superficial erysipelas an d  livid in  the  
face.”
Som e had  w ritten on the ir visiting cards th a t th e  first night, on arriving 
at the O len Inn , they  had  suffered from nausea, vom iting, or insom nia ; in 
spite o f this, however, several had  reached  th e  G nifetti H u t, an d  som e even 
the sum m it o f M onte  Rosa.
A no ther traveller had  left th e  following in teresting  account, w hich I  copy : 
“ W e left G ressoney St. Jean  and  reached  G nifetti H u t, w here we found  
another num erous party. W e all slept badly  an d  left again  a t 3 o’clock by 
moonlight. Before reach ing  th e  C ol du  Lys th e  m ost robust o f ou r party  
was seized w ith m ountain-sickness. H e  felt dizzy, com plained  of fatigue, and  
often lay dow n on th e  snow. W e th in k  th a t we perform ed th e  ascen t too 
rapidly, because in an hou r an d  a  half we had  arrived a t th e  great level 
whence we saw the  sun rise. H av ing  re tu rned  to  th e  hu t, we passed  th e  
night alone. T h e  next day th e  m an who had  suffered from  m ountain- 
sickness proved  th e  best w alker on th e  tou r to  L yskam m .”
T h e  ce leb ra ted  E nglish  physiologist, H uxley, suffered from m ountain-
sickness, and had to stop at the Grands M ulets on his ascent of M ont Blanc 
in company with Tyndall. Similarly, I have seen other mountain-climbers of 
advanced age indisposed at Gnifetti H ut. I had thought that the young 
resisted longer and more vigorously than the old, but various instances 
convinced me that neither do they enjoy any immunity from the malady. 
An acquaintance of mine, who now performs the most difficult ascents, had 
a fainting-fit a t Sella H u t when he was fifteen years old. H e had been quite 
well during the ascent from Gressoney, but while the party was at table in the 
hut he suddenly fainted.
II.
Mountain-sickness (like every other illness) manifests itself in various 
ways, according to the constitution of the sufferer. T he fundamental cause 
(that is, the rarefaction of the air) has been, however, confused with the 
predisposing causes. A proof of the imperfection of our knowledge of the 
malady is that, though its symptoms have been catalogued, its seat has not 
yet been accurately determined, and even as to its development a satisfactory 
description is still lacking ; we have no diligently prepared collection of the 
accounts of patients which would enable us definitely to classify its forms. 
Physicians would do well to direct their attention to this disturbance of the 
physiological conditions of the organism, whereas as yet the scientific material 
has been almost exclusively collected by mountain-climbers. I myself was 
not able during my sojourn on M onte Rosa to study this pathological process 
as I  could have wished ; I noticed, however, that its progress includes several 
periods, and that it manifests itself by fits even during a state of profound 
repose. I  com municate one of these instances in order to show how the 
functions of the nervous centre are altered during mountain-sickness.
Signor Koeppe arrived at the Regina M argherita H u t in the worst possible 
condition. This gentleman was forty years of age, had come from Zermatt, 
and com plained that he had not been able to move his legs easily after being 
seized with mountain-sickness. In  the morning the weather had been fine, 
and he had borne the ascent pretty well, traversing the Grenz glacier and 
arriving at the Col du Lys, where he began to feel very tired, and was 
troubled with nausea and vomiting, although he was fasting. At this juncture 
it began to snow, and he took six hours to reach Col Gnifetti, so frequent 
were the halts he was obliged to make. W hen he arrived at Regina Mar­
gherita H u t his pulse beat 120 times per minute, his breathing was laboured, 
and his lips were livid. In  half an hour his condition had considerably 
improved. H e had taken a glass of hot wine, and was standing near the 
stove. T he vomiting had disappeared, and all seemed well, only from time 
to tim e he said he felt ill. A t these moments he was troubled with palpita­
tion, the respiration becoming deeper and more rapid. During one of these 
attacks he had asked for a little coffee to drink, but remarked to me when 
it was given to him that he could not swallow as usual. T he following 
num bers suffice to give an idea of the irregularity in the breathing, which I 
counted every minute for about half an hour : 16, 17, 16, 17, 18, 21, 21, 17, 
16, 17, 19, 20 ,24 , 19. 18, 18, 17, 19. 29, 22, 19, 18, 19, 19, 17, 16, 16, 17.
I t  is im portant to notice that the centre of deglutition was also affected. 
W hen the respiration becomes laboured, the heart beats more frequently, 
and the centre of deglutition is likewise influenced. This proves that the 
seat of the physiological lesion is in the medulla oblongata— that is, in the 
most im portant vital centre. We do not know why attacks of the malady
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recu r periodically during  com plete repose. T h is  is one o f th e  profoundest 
secrets in the nu trition  of the nervous centres, a n d  one o f th e  obscurest points 
in m edical science.
T h e  great com plication  o f th e  study  o f m ountain-sickness is due  to  the 
concom itan t causes w hich determ ine  its m anifestation  and  aggravate its 
in tensity . In  th e  case of Signor K oeppe it is p robab le  th a t th e  storm  and  
the  cold h ad  rendered  th e  phenom ena of the sickness m ore violent, because, 
having gained th e  shelter o f the hu t, he vom ited  no m ore an d  passed a  fairly 
good night. T h e  fact th a t m ountain-sickness m akes victim s during  violent 
storm s even am ongst th e  m ost in trep id  A lpinists has been  frequently  observed ; 
as an  instance I need  only m en tion  Z sigm ondy w ho twice suffered a t n igh t­
tim e from  nausea an d  general p rostration  ; once, on the south  side of M onte 
R osa, an d  again in  th e  Swiss H u t on  th e  M atterhorn , bo th  tim es during  a 
furious tem pest.
T h e  electric tension  observable during  storm s favours th e  ou tb reak  of 
m ountain-sickness. W e were in G nifetti H u t on the 7 th  A ugust when, 
tow ards evening, a  storm  rose. W e noticed  a  party  com ing up  across the 
glacier, an d  som e o f us w ent ou t to  w elcom e th e  new-comers. I  w ent down 
to  th e  little  h u t to  m eet them . As I reached  th e  doo r I  heard  a  buzzing as 
of a nu m b er of wasps in  the hu t, b u t on looking there  was no th ing  to  be 
seen. I  listened again an d  becam e aw are th a t it was th e  corners o f th e  hu t 
w hich em itted  a  characteristic  hissing sound, w hich I  a t once understood  to 
be  an  electric phenom enon. As th e  w eather was th rea ten ing  an d  the flashes 
o f ligh tn ing  very close I took refuge u n d er th e  a rcade  of th e  u pper hut. 
D esiring to w rite som e notes I took  a  knife to  sharpen  a lead-pencil and 
no ticed  th a t th e  chips o f w ood stuck to  the b lade  and  to  th e  finger-tips. T he  
peals o f th u n d e r were very near an d  th e  sky was so dark  th a t one could  not 
see to  a  d is tance  o f a  h u n d red  m etres on the glacier.
M y com panions, who re tu rned  shortly  afterw ards, to ld  m e th a t they  had 
experienced the  effects o f th e  electricity  in  a  very rem arkable  m anner. 
Bizzozero an d  C orporal Cam ozzi had  repeatedly  seen sparks darting  round 
th e  axe an d  had  felt pricks as from an  electric discharge. C orporal Jach in i 
h ad  twice taken  off his cap th ink ing  there m ust be  pins in it w hich were 
p ricking h im  ; then  he felt w hat seem ed to  be a heavy hailstorm  pattering  
dow n on h is head  ; he passed his hand  over his crown and  convinced him self 
th a t there  was noth ing. D r. A belli and  B eno Bizzozero who had  often walked 
to  th e  sam e d is tance  for pleasure, arrived pan ting  an d  exhausted , no r could 
they get over the ir aston ishm en t a t re tu rn ing  in th is condition , w ith laboured 
breath , uncerta in  gait, and  slight dizziness.
W e concluded  th a t bad  w eather m ust be  avoided on expeditions for this 
reason, besides o thers, th a t it depresses th e  functions of th e  organism  and 
produces m ountain-sickness.
I I I .
A bou t the h a lf o f the travelling parties perform ing th e  ascen t o f M ont 
B lanc from  C ham onix  stop a t the G rands M ulets. T h e  n u m b er o f those 
who, from  th e  G ressoney an d  M acugnaga side, succeed in  accom plishing the 
ascen t o f M onte R osa is perhaps a  little  larger. In  these statistical da ta  not 
only th e  w eather, w hich m ay change after a  party  has set out, b u t also all the 
o ther possible m ischances o f an  excursion en te r as factors ; b u t to  a  certain 
degree th is average serves to  ind icate  the actua l frequency of m ountain- 
sickness.
D uring th e  sojourn  a t th e  R egina M argherita  H u t I no ticed  th a t there  is 
little o r no  difference betw een the travellers arriving from  Z erm att an d  those 
from the Ita lian  side. P erhaps the parties com ing from  Z erm att suffered a 
little m ore because the ascen t is longer an d  m ore fatiguing. O u t o f a  party  
o f five persons only one was exem pt, an d  even th e  two Swiss guides were ill. 
T h e  restlessness an d  sufferings o f these poor victim s accorded  ill w ith  th e  
com m on wish o f ou r party  to  be  left in peace an d  sleep a  little. T h e  wind 
was blow ing so furiously th a t th e  h u t creaked. O ne h ad  a  com plete  illusion 
o f being on board  ship ; th e  con tinual re tch ing  an d  m oaning  len t such a 
terrib le reality  to d ream s of a  shipw reck on a  storm y sea, th a t I  shall certain ly  
never forget th a t night.
T h e  keepers o f the R egina M argherita  H u t to ld  m e th a t w hen th e  snow is 
deep  and  soft so th a t one sinks in to  it up to  the  knees, travellers suffer m ore 
from m ountain-sickness.
T h e  effects o f fatigue are  cum ulative in  m ountain-sickness. T h e  m anifes­
tation  o f the noxious action  o f rarefied a ir is thus often re tarded . I convinced 
m yself o f this by exam ining th e  w orkm en who co nstruc ted  th e  R egina 
M argherita  H u t on M onte R osa an d  the  Jan ssen  observatory  on M on t 
Blanc. T h e  m iners who w ent on to  M onte R osa  to  level th e  rock on w hich 
the h u t was constructed , d id  no t suffer a t all du ring  the first days, bu t after­
wards, w hen they w ere fatigued, they  experienced such  d istress th a t they 
declined  to  con tinue  a t any price.
T h is  cum ulative action  produces, so to speak, posthum ous  effects of 
rarefied air. T h u s  it frequently  happens th a t th e  sickness assails us m ore 
violently during  th e  descen t th an  th e  ascent. I  experienced  th is m yself on  an 
expedition  up  M ont V iso. I  h ad  slep t little  the n igh t before, an d  w hen I  
arrived on the sum m it I w orked d iligently  a t th e  tak ing  o f pu lse  a n d  
respiratory  tracings. D uring th e  descen t, w hen I had  reached  th e  spring 
o f S acripante, I  was seized w ith vom iting an d  serious indisposition , a 
condition  w hich lasted  ab o u t h a lf  an  hour.
M ountain-sickness tends ra th er to  d im inish  than  to  increase, a n d  on th is 
accoun t one m ust no t a ttrib u te  too  m uch im portance  to it. T h is  is advisable 
too, because it is a  fact th a t those w ho give way to  depression  involuntarily  
aggravate th e  phenom ena o f the m alady an d  th e ir cond ition  becom es worse.
Zurbriggen an d  o ther guides had assu red  m e th a t b leed ing  a t the  nose 
always affords relief w hen one is suffering from  m ountain-sickness. W hile 
I was in the R egina M argherita  H u t a  gen tlem an  had  ra th er a  v io len t 
hem orrhage from th e  nose im m ediately  after his arrival. I  observed  h im  
but d id  no t notice th a t th e  b leed ing  h ad  any effect. T h e  gen tlem an  was 
a  m ountain-clim ber from M ilan, strong  an d  robust ; h e  co n tinued  to  vom it 
th rough  th e  night, and  in  the m orn ing  w hen he  began th e  descen t the 
sym ptom s still rem ained  th e  sam e.
M any will have heard  th a t horses an d  m ules suffer from  m ountain-sickness 
as we do. Saussure, in speaking o f his expedition  to  th e  glacier d u  T héodu le , 
relates th a t his m ules could  no t proceed, such difficulty had  they  in  b reath ing  
in consequence of the  rarefied air, an d  th a t one o f  them  em itted  a tone  of 
distress in b rea th ing  such as he  had  never heard  from these an im als in the 
plain, no t even w hen th e  exertions perform ed w ere m uch  g rea te r.1
In  P e ru  w hen anim als a re  in  th is cond ition  an d  are  unab le  to  walk, it is 
the custom  to  bleed them  u nder the  tongue. T h is  can  certain ly  do  no good, 
m uch less give strength  ; bu t thus it is w ith all popu lar rem edies : if they  do  
not kill outright, they are  though t by m any to  be o f benefit.
1 Op. cit., tome iv. p. 3S0.
IV .
M ountain-sickness breaks ou t even during  th e  n igh t’s repose. I t  often 
h appens th a t one is aroused  suddenly  from  sleep by a  sense o f d iscom fort 
unfelt before, w ith a w eight on th e  chest an d  a  difficulty in  breath ing. 
A ny one who has passed a  n igh t a t a  great he igh t will rem em ber th a t e ither 
h im self or som e friend has risen in o rder to  facilitate the b reath ing . As this 
is a  phenom enon  w hich dem ands som e discussion, it will be well to  quote 
som e com peten t m ountaineers w ho have m en tioned  being seized w ith the 
sickness during  th e  night, th e  d o u b t being thus rem oved th a t o th er causes 
besides th e  rarefied a ir m ay have com e in to  play. W e have already  seen 
th a t Z um stein  experienced th is noctu rnal effect on M onte R osa. T h e  
brothers- Schlagintw eit in 1855, an d  recen tly  C onway in th e  high regions 
o f Asia, experienced th e  sam e phenom enon , w aking in th e  n igh t w ith an 
indisposition  unfelt during  the day. T hey  a ttrib u ted  this, however, to  th e  slight 
w ind w hich blew during  the  night.
M rs. H ervey  in  th e  accoun t o f h e r ce leb ra ted  journey  across C entral A sia ,1 
m entions suffering m ore th rough  th e  n igh t from  palp ita tion  of th e  heart and  
oppression on  the chest than  a t o ther tim es, a fter reach ing  an  altitude  of 
5,700 m etres.
T h e  sam e phenom enon  has been  observed in A m erica. I  only m ention 
those  w ho suffered from it a t inconsiderab le  heights, as for in stance  D ’O rbigny 
a t L a  Paz (alt., 3,468 m etres). G u ilbert m entions being  seized w ith palp ita­
tion  a t n ight-tim e in  o ther cities o f P eru  and  Bolivia, Pceppig suffered sim ilarly 
a t C erro  de  Pasco  (alt., 4 ,350 m etres). “ I t  is th e  n igh t,” th e  la tter writes, 
“  w hich causes th e  g rea test degree of suffocation ; it is a  m artyrdom , for one 
can n o t rem ain  lying dow n.” 2
In  th e  R eg ina  M argherita  H u t I becam e convinced tha t th is was no t 
owing to  th e  a ltered  air no r to  its tem perature . M y b ro ther, w ho suffered 
m ore th an  th e  rest o f us in th is way, often sat up  in  bed  th rough  the n igh t on 
accoun t o f shortness o f b reath . Som etim es he  rose a n d  took  a  few steps in 
th e  h u t w ithout open ing  th e  w indow  or going o u t (w hich was often an 
im possibility), th en  w ent back  to  bed  an d  slept. M y b ro ther was sub ject 
to  this inconvenience during  th e  w hole o f th e  so journ  a t th e  heigh t o f 4,560 
m etres, b rea th ing  m ore easily w hen up  th an  w hen lying down. W e began 
therefore to  discuss th is phenom enon  which, from  one po in t o f view appears, 
so to  speak, paradoxical. W hen we are lying dow n we consum e less oxygen 
because the  sta te  o f repose is g rea te r; as soon as we rise, a  g reat num ber o f 
m uscles en te r in to  activity, th e  heart beats m ore rapidly, blood-pressure is 
augm ented  : if it were m erely a chem ical question , a  question  of oxygen, we 
should  evidently  feel b e tte r lying down.
M y b ro ther often slept so profoundly  th a t he  d id  n o t notice fairly loud 
noises near him , then  afterw ards he w ould wake spontaneously  w ith an 
oppression on th e  chest.
I  am  of opin ion th a t th e  origin o f m ountain-sickness is to  be sought 
in a depression o f th e  nerve-centres, in a  slight w eakness o f th e  heart, in  a 
m om entary  d im inution  o f th e  energy of th is organ, an d  in a subsequen t slack­
en ing  of th e  circulation  w hich gives rise to  th e  shortness o f b reath . Fatigue 
w hich has w eakened th e  heart, is, doubtless, one of th e  principal factors in
1 M. H ervey, The Adventures o f a Lady in  Tarlaiy ,  Thibet, China, and Kashmir. 
London. 3 vols., 1S53, p. 152.
2 E d. Pceppig, Reise in Chile, Peru nnd  a u f  dem Amazonenstrome. Leipzig, 1832, 1836.
these a ttacks w hich grow m ore v io lent du ring  sleep an d  m ilder w hen we stand  
upright, because th e  augm ented  pressure o f th e  b lood  stim ulates an d  excites 
the  cardiac m uscle, te rm inating  th e  inertia  o f its innervation .
V.
A lpine life disposes us to  th e  in ternal observation  o f ourselves, to  judge 
by the a b u n d an t observations w ith w hich A lpinists spontaneously  fu rnished 
me. P erhaps th e  so litude a n d  th e  gradual d isappearance  of every trace  of 
life the h igher we ascend  fill us w ith th e  desire  to  learn  how  our own organ­
ism works in those deserted  regions.
F rom  am ongst the im portan t physiological observations k ind ly  p laced  a t 
my disposal I  quote  th e  following on th e  activ ity  o f the pulse  com m unicated  
to m e by the Signori N ata le  C arin i an d  A chille B ertarelli on  th e ir arrival a t 
the R egina M argherita  H u t :—
O le n  I n n .  G n i f e t t i  H u t .  R e g in a  M a r g h e r i t a  H u t .
Bertarelli...........................  So 85 74
Carini ... ... ... 90 90 S6
T h ese  two gen tlem en  had left th e  O len In n  on A ugust 13th, had  per­
form ed the ascen t w ithout difficulty after sleeping well a t G nifetti H u t, and  
arrived a t the R egina M argherita  H u t ju s t as th e  sickness was beg inn ing  to  
m anifest itself. T h e ir  pulse was very weak an d  slower th an  the  norm al, the ir 
face and  hands w ere livid. T h e  last p a rt o f th e  ascen t h ad  seem ed to  them  
very arduous. Sig. B ertarelli was so weak th a t w hen he  was a t a  d is tance  of 
only ten paces from th e  doo r of th e  hu t, we saw th a t he  was begging the 
com panions to  w hom  he was roped  to  m ake a  halt.
I t  is an  unexpected  fact th a t th e  pulse, in  sp ite o f th e  p reced ing  fatigue 
an d  the height o f 4 ,560 m etres, shou ld  be  less frequen t a t th is a ltitude  th an  
a t lower stations. In  this case, as in o th er cond itions of life, there  are  causes 
acting  in  con trary  d irections, an d  thus coun terac ting  each o ther. Fatigue, 
high tem pera tu re  o f th e  blood, rarefaction o f th e  air, an d  m en ta l agitation  
tend  to  accelerate  th e  pulse, bu t depression, nausea, vom iting, overstrain  of 
th e  heart ten d  to  slacken its m ovem ent.
T h e  rapid  changes o f th e  pulse observed during  ascents, an d  m ore especi­
ally during m ountain-sickness, a re  due  to  th e  sta te  o f th e  blood-vessels. W hen  
these dilate, th e  resistance opposed  to  the  circu lation  o f th e  b lood  is d im in­
ished  an d  th e  heart beats m ore rapidly. If, how ever, th e  ph en o m en a  o f 
accom panying failure of streng th  con tinue, nausea m akes itse lf felt, th e  pulse 
m ay slacken an d  sink, from an exceedingly rap id  rate, to  one even below  the 
norm al.
W hen  our sk in  is m uch  red d en ed  an d  we are  in  a  s ta te  o f profuse p ersp i­
ration  we are  m ore easily seized w ith m ountain-sickness. T h is  explains how, 
in  certain  gorges an d  closed valleys the  guides foresee th a t those  o f th e  party  
whose gait is a lready unsteady, will feel worse. T h e  heart, exhausted  by 
fatigue and  from the frequent changes from  co ld  to  heat, offers less resistance 
to  these sudden  variations o f the  blood-pressure. W e are, as it were, m ore 
anaemic w hen the sun and  th e  hea t redden  th e  skin.
V I.
Som etim es m ountain-sickness appears as th e  consequence  of a  sim ple 
em otion. A  friend of m ine, a good m ountain-clim ber, the  lawyer Sig. B-------
left C ourm ayeur in good condition . W hen he  arrived a t L ake C om bal an  
o ld  guide who cam e dow n from  M ont B lanc d issuaded  him  from attem pting  
th e  ascen t, telling  him  th a t th e  w eather was bad, th e  snow very unfavourable, 
an d  th a t he w ould certain ly  fail in  th e  undertak ing .
Sig. B    had  in  his party  a colleague o f w hose pow ers o f resistance he
had  som e doub t. T h is  anxiety, he  says, gave him , im m ediately, a  feeling of 
fatigue an d  of uncerta in ty  in  the  legs. T h is  d o u b t as to  the  decision  w hich 
it  behoved  h im  to take, affected him  so th a t a t the hut, a t a heigh t o f 3,200 
m etres, he could  n o t eat, an d  slep t badly . In  th e  m orn ing  th e  w eather had  
becom e fine an d  they  set ou t for the  sum m it o f M on t Blanc. U n til the 
heigh t o f 4 ,000 m etres was reached  he vom ited  several tim es ; on h is arrival 
a t th e  V allo t H u t he was in  fair cond ition  an d  afterw ards recovered  his usual 
excellent health .
T h a t fear m ay cause th e  ou tb reak  o f m ountain-sickness I had  once an 
oppo rtun ity  o f observing in passing in  haste  across a gully. T h ere  were only 
fifty steps from  one wall to  th e  o ther. F rom  tim e to  tim e stones rolled down, 
sm all indeed , b u t w hich m ight a t any  m om ent be followed by bigger ones. 
B esides this danger, w hich it was no t in  ou r pow er to  avoid, there  was the 
rap id  inclination  o f the  gully on w hich a  false step  w ould have im perilled  
one’s life. T h e  guide w arned us to be on th e  alert, a n d  we first fixed upon 
various po in ts past w hich the crossing m ight be m ore easily accom plished. 
W e w ere a t a  he igh t o f 3,200 m etres. A  friend of m ine, as soon as he had  
reached  the  o th er side, c lu tched  th e  rock  and  had  an  a ttack  o f nausea and  
vom iting.
T h e re  is a  certa in  d isagreem ent in  th e  facts w hich I have collected  relating 
to  th e  effect o f em otions. T his, however, was to be  foreseen. T h e  observa­
tion  m ade by m any regarding sea-sickness applies likewise to  m ountain-sick­
ness. I t  is an  old observation  w hich was pub lished  by D arw in’s grandfather. 
A  friend of his, D arw in 1 wrote, a  good  and  reliable observer, assu red  him  
th a t he  h ad  no ticed  m ore th an  once that, in  a vessel in  g reat danger o f being 
w recked, sea-sickness ceased instan taneously , b reak ing  ou t afresh as soon as 
th e  danger was past.
F ore l m ade som e im portan t observations on this sub ject on M onte  Rosa. 
I  prefer to  quo te  them  in his own w ords as follows : — 2
“ T h e  m ost in teresting  fact w hich cam e u n d er m y no tice  during  this 
expedition  is th e  d isappearance a t the beginning of th e  clim b up th e  Botzer- 
to l le .o f  th e  sym ptom s o f m ountain-sickness. Before starting  I had  been 
careful to  ob ta in  inform ation from all those persons who know  M onte  R osa 
as to th e  p o in t a t w hich one suffers m ost from  m ountain-sickness. I t  is well 
know n th a t in  th is respect every m oun ta in  has its special locality ; it is not, 
as a  rule, on the airy, w indy sum m it, no r on  th e  dangerous or in teresting  
a rê tes th a t th e  sickness is m ost keenly felt, b u t m ore especially on  snowy 
slopes w hich are shu t in, well p ro tec ted  from  th e  w ind an d  tedious, as, for 
instance, th e  M ont B lanc corridor. A ll th e  reports given m e w ere unanim ous : 
all travellers an d  often even the  guides were m ost severely p u t to  th e  p roo f at 
th e  B otzertolle, before reach ing  th e  Sattel. O n th e  a rê te  o f th e  sum m it on 
th e  contrary , nobody  th inks o f be ing  m ountain-sick . I  prepared,, therefore, 
for a  careful study o f th is Botzertolle. I  h ad  th e  beg inn ing  of it po in ted  ou t 
to  m e by th e  guides, an d  from  th e  first I forced m yself to ascend  it rapidly 
an d  w ithout stopping, w ith th e  ob jec t o f exaggerating by fatigue th e  sym ptom s
1 D arw in, Zoonomia, or Law s o f Organic Life , 1793.
2 Forel, O f era citala, p. n o .
from w hich I had  been  suffering before a ttack ing  it. B ut, strange to  say, I 
felt these sym ptom s d isappear one after th e  o th er ; as I  d irec ted  m y a tten tion  
m ore especially to  one or th e  o th e r I felt it d ie  away. Fatigue, lassitude, 
depression, headache, left m e one after ano ther, an d  I  covered this ted ious 
passage in perfectly good cond ition  to  th e  stupefaction  o f my guides, who had  
seen m e seriously affected in parts m uch less d isastrous to  o th er travellers. 
A tten tion , scientific in terest had  therefore h ad  for m e in  th is case th e  sam e 
curative effect as danger ; no one suffering from  m ountain-sickness in 
dangerous parts.
“ T h is  action  of the m ental faculties, and , o f a tten tio n  in particu lar, on 
m ountain-sickness shou ld  be po in ted  out, an d  m erits m ore consideration  than  
has h itherto  been given to  it in th e  study of th e  m alady ; I  restric t m yself to  
the presen t ind ication  ”
W hen Forel pub lished  th is observation , how ever, o th e r m ountain-clim bers 
had  already affirm ed th e  contrary. A s we have here  to  do  w ith con trad ictions 
tow ards w hich th e  reader is alw ays little  indu lgen t I m ay m ention  th a t 
an o th e r physiologist, L e  P ileur, said th a t M M . B ravais an d  M artins h ad  a  
sensation  o f nausea w henever they observed th e ir in s trum en ts w ith great 
a tten tion  1
V I I
In  m ountain-sickness one often sees th a t the  lips o f th e  sufferers are  livid, 
the  hands an d  cheeks bluish. I n  m y A lp ine travelling-notes, w ritten above 
the  height o f  3,500 m etres, I  often find the  w ord cyanosis. 2 T h is  is the 
m edical term  ind icating  a violet co lour o f th e  skin. T h e  cyanosis w hich is 
observed in the A lps is th e  m ildest, alm ost physiological form. W eakness 
o f the heart produces cyanosis, on th is accoun t it is observed in  a lm ost all 
d iseases o f th e  heart, d isappearing  w hen th e  heart, th rough  its own action , or 
in consequence o f rem edies, rectifies the circulation  o f th e  b lood. I t  is clear 
th a t in circu lating  m ore slowly th rough  th e  vessels o f th e  skin the  b lood  m ust 
becom e m ore venous, an d  therefore darker con ta in ing  as it does less oxygen.
I f  th e  pressure of th e  b lood  is d im inished, as after over-exertion— a  n ight 
spen t in dancing, for in s tance— th e  veins d ilate. R o u n d  th e  eyes w here the 
skin is th in  and  the veins ab u n d an t, a  b lue circle appears. By w hatever 
excess the nervous system  is exhausted , the sam e effect is p roduced . E ven 
ascen ts cause th e  appearance  of a  livid circle round  th e  eyes in  m any clim bers. 
A  characteristic  d ila ta tion  of th e  veins is th a t w hich gives rise to  th e  b lue 
colour o f th e  skin o f chilblains. In  serious form s o f frost-bite th e  bluish 
colour o f th e  skin is due  to  an  a lteration  o f th e  vessels. A  p in ch  also leaves 
a leaden-coloured m ark on th e  skin, if th e  m echanical p ressure on the  b lood­
vessels has been  a t all forcible. I f  we m erely d ip  the h an d  in to  h o t w ater 
and  then , w hen it has becom e red, in to  iced  water, th e  fingers assum e a  violet 
tinge such as we have all seen p roduced  by the  action  o f th e  cold in  w inter 
or on the Alps. T h e  little  arteries co n trac t an d  in th e  capillaries and  little  
veins in  w hich con trac tile  m uscu lar fibre is lacking, th e  b lood  becom es 
stagnan t o r a t least sluggish, gradually  loses its oxygen a n d  th e  skin becom es 
violet. T h is  is the  origin o f th e  cyanosis occasioned by cold. T h e  sam e 
process occurs in fever w hen face an d  hands becom e b luish  during  a  shivering 
fit.
' Comptes rendus, 1845, tom e xx. p. 1200.
3 Kuavoç in G reek means blue. F rom  this root the word cyanosis has been formed to 
indicate the livid colour which the skin assumes in certain diseases.
B ut in  the A lps cyanosis rem ains even after the  action  of th e  cold has 
ceased. Several days after ou r arrival in  th e  R egina M argherita  H u t in w hich 
the  room s were well heated , cyanosis had  n o t yet d isappeared . In  these 
cases it m ust be  an o th e r m echanism  to  w hich it owes its origin : it is the 
w eakness o f th e  heart, th e  d im in ished  pressure o f the b lood and  the languid  
peripheric  c irculation  to  w hich th e  persistence o f th e  phenom enon  is due. In  
m ountain-sickness, so far as I  was ab le  to  observe, cyanosis is invariably 
p resent.
W hen H .M . th e  Q ueen  of Ita ly  arrived a t th e  h u t w hich now bears her 
nam e, h e r cheeks had  a slightly b lu ish  colour. T h e  last part o f th e  ascent, 
w hich is th e  m ost difficult, had  necessarily been  perform ed on foot. H e r  
M ajesty to ld  m e th a t she h ad  n o t suffered a t all, b u t had  a  feeling o f constric­
tion  a t th e  tem ples as though  there  w ere a b an d  of iron  round  h e r head. 
T h is  was an  unaccustom ed  phenom enon  to  her M ajesty w ho has never 
suffered from headache, an d  gave a sensation  as though  th e  veins o f the 
tem ples m ust burst.
C H A P T E R  X V
CHEMICAL ACTIVITY7 OF THE RESPIRATION ON THE ALPS
I
A U S S U R E  says th a t th e  fire d id  no t b u m  so well on M on t B lanc an d  th a t
it was necessary to b low con tinuallyon  th e  ign ited  coals, as they  otherw ise
im m ediately  d ied  out. Saussure’s party  consisted  o f eigh teen  persons and  
they  rem ained  ab o u t four hou rs  on th e  sum m it. T hey  m elted  snow  in o rder 
to  ob tain  w ater to  d rink . C old  w ater was th e  only liqu id  w hich they  
d rank  w ith p leasure ; wine an d  liquors w ere d isagreeable to  all. O n  M on t 
B lanc w ater boiled  a t 84'3°. N o tw ithstand ing  this, th e  vessel con ta in ing  th e  
w ater took  h a lf an  hou r to  com e to  th e  boiling-point. T h e  sam e vessel, w ith 
th e  sam e quan tity  o f w ater a n d  alcohol bo iled  in  12 m inu tes a t th e  sea level.
F ran k lan d  an d  T y nda ll had  already  found  th a t on  M o n t B lanc stearine 
candles a re  less rapidly  consum ed  th an  in  th e  plain. T h ey  a ttr ib u ted  th is 
difference to  th e  cold, b u t th a t is n o t th e  cause. D r. A. B e n e d ic e n ti,1 assist-
1 A. Benedicenti, La combustione nell' aria rarefatta. Rendiconti A ccadem ia dei Lincei, 
17 Maggio, 1S96.—T his m em oir also contains the  bibliography of the subject.
19:
a n t in  my laboratory , underto o k  a t m y request to  study  com bustion  in  rarefied 
air, an d  found th a t th e  consum ption  of com bustib le  m atter is less a t a  
d im in ished  pressure, even w hen th e  tem pera tu re  of the su rround ing  air is 
constan t. I  refrain from  com m unicating  these experim ents, as th is w ould 
entail the descrip tion  o f com plica ted  appara tu s an d  th e  q u o ta tio n  o f a  long 
series o f figures.
F o r th e  first experim ents we m ade use o f candles, afterw ards we em ployed 
sm all oil lights w ith asbestos wick, w hich bu rn  w ith m uch g reater regularity  
th an  th e  stearine candles. T h e  in tensity  o f th e  flam e corresponded  to  th a t 
o f a  n igh t lam p. Now  if one of these  flames a t an  ordinary  pressure an d  a t 
a  tem pera tu re  of from  120 to 13° consum ed  in  one h o u r 2 ’1930 gram s of oil, 
a t th e  sam e tem pera tu re  bu t w ith a  p ressu re  red u ced  to  360 m m . (w hich 
co rresponds to  a  heigh t o f 5,950 m etres above th e  sea-level) it consum ed only 
V 9119 gram s, th a t is, o ' 2 8 i i  gram s less.
W e then  sought to  ascertain  w hether th e  co m bustion  w ere perfect and  
o b ta ined  an  affirm ative result. I  refer the re a d e r  who desires fu rther par­
ticulars to  D r. B ened icen ti’s m em oir in  w hich T y n d a ll’s 1 first investigations 
011 th e  sub jec t a re  rectified.
I I .
T h ese  observations of Dr. B ened icen ti a re  in tim ately  connected  w ith the 
study  o f the  resp iration  on  th e  A lps, because, since th e  ce leb ra ted  experim ents 
o f Lavoisier, it is a  well-known fact th a t b rea th ing  in m any respects resem bles 
com bustion .
I  m ay here  m ention  th a t th e  flam e o f a  light is m uch  m ore sensitive than  
m an an d  an im als to  th e  lack  o f oxygen. A  candle  goes ou t w here m an con­
tinues to  live an d  even to  breathe. T h ese  experim ents were perform ed by 
T om m aso  L ag h i2 tow ards the m iddle  o f the  last cen tu ry  in  B ologna. H e  
p laced  u n d er a  large bell a  bird, rat, o r cat, and  a  ligh ted  candle, an d  saw th a t 
th e  anim als con tinued  to  live for hours in  th a t closed-in a ir a fter th e  candle  
had  gone out.
G iovanni F rancesco  C igna, professor o f anatom y an d  physiology a t the 
U niversity  o f T urin , began in 1760 physiological studies on th e  action  of 
rarefied  air. 3 T h e  appara tus constructed  by C igna consisted  in a  large glass 
bo ttle , capab le  o f con ta in ing  fifty pounds o f water, o f w hich the neck, wide 
enough to  ad m it a  sparrow, was closed by a large copper screw-stopper. Tw o 
lateral glass tubes b ranch ing  off from th e  neck  were p u t in to  com m unication , 
th e  one w ith a pneum atic  m achine, th e  o th er w ith a  m ercurial m anom eter 
w hich in d ica ted  the inner pressure. C igna sta ted  th a t u n d er th e  pneum atic  
bell also an im als live as on the  m ountains, prov ided  th e  air be continually  
renew ed.
I  com m unicate  one o f C igna’s experim ents, because his appara tu s is the 
sam e as th a t used a  cen tury  la ter by P au l Bert.
“  In  o rder to  learn m ore exactly w hat degree o f a tm ospheric  rarefaction 
anim als can  bear, I  m ade the  following experim ent. I  p u t a  sparrow  under 
the  pneum atic  bell an d  le t the  asp iring  p u m p  ac t un til th e  m anom eter
1 T yndall, Hours o f Exercise in the Alps, p. 56.
2 Thom ae Laghii, De animalium in aere interclusorum interim. De Bononiensi Scien- 
tiarum  Institu to , Com m entarli, Tom us Q uartus, 1757, p. 89.
3 G. F . Cigna, De causa extinctionis flammae et animalium in cere interclusorum. 
M élanges de philosophie et de m athém atique de la Société royale de T urin , 1760-1761, p. 
176.
m arked 19 inches (513 m m .). T h e  heigh t o f th e  barom eter was 27 inches 
an d  a ha lf (742 m m .) T h en  I let a ir en te r un til th e  m anom eter ind icated  
two inches less (54 m m .) H ereupon  I began  to  pum p again un til the  m ano­
m eter again ind icated  th e  first depression  (513 m m .), and  in th is m anner I 
con tinued  to give an d  take away air for h a lf an  ho u r together, so th a t an  air- 
cu rren t sufficient for the  m ain tenance  o f life was kep t up. T h e  sparrow 
vom ited  a t first, th en  recovered, and  when, ha lf an  hou r la ter it was taken  out, 
it was hale an d  hearty  ; b u t afterw ards dyspnoea reappeared , it was seized with 
convulsions and  died  shortly  after it had  been released .”
T h is  sparrow  had  resisted  for ha lf an hou r a p ressure of only 229 mm . as 
show n by the barom eter, w hich corresponds to  a  rarefaction of th e  a ir greater 
than  th a t found on the  h ighest m oun tain  in  th e  world, for on M oun t Everest, 
a t a  height o f 8,840 m etres, th e  p ressure is only 248 mm .
I I I .
T h e  p ictu re  on page 195, w hich is the  rep roduction  of a p ho to ­
graph, shows how th e  experim ents on th e  chem istry  of b rea th ing  were m ade 
in the  R egina M argherita  H u t. B eno Bizzozero has th e  gu tta-percha m ask 
011 and  is b rea th ing  th rough  the gas-m eter w hich is seen to  the left. T h e  
inspired  air passes in to  the gas-m eter, th en  in to  the  first valve before en tering  
the lungs. T h e  expired air passes th rough  the second  valve w hich is ra th e r 
in th e  shade, and  then , before issuing from th e  appara tus, in to  a  caou tchouc 
b ladder and  in to  a  th ird  valve seen in th e  m iddle of th e  figure. M y brother, 
by m eans of a syringe in com m unication  w ith th e  elastic b ladder, takes a  
certain  quan tity  o f the  expired air an d  im pels it th rough  six glass tubes, seen 
in the background  o f th e  picture, full o f baryta-w ater w hich serves to  fix the 
carbonic  acid. T h ese  experim ents were described  by m y b ro th er in  two 
m em oirs laid before the A ccadem ia dei L ince i.1 I n eed  n o t therefore  dwell 
on th e  particu lars o f th e  analysis o f respired  air, bu t shall restric t m yself to 
the com m unication  of the results.
T h e  first ha lt was m ade a t G ressoney la  T rin ità  (alt., 1,627 m etres) 
where we arrived on Ju ly  18th. T h e  soldiers cam ped  in  th e  open an d  the 
experim ents were m ade u nder a  ten t w hich served as laboratory.
E x p e r im e n t s  m a d e  a t  G r esso n e y  la  T r in it à  (a l t . , 1,627 m e t r e s ).
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Jachini ............. I 21, vii. 9 .25 a.m . 17° 65 cm . 2 6 1 0 7 5 1 5 4 2 3 0-434 0-059
, ,  ............. 2 21 „ 2.4  p.m . 18" ,, 2S54o io 17-036 0-479 O-059
Solferino I 22 „ 3-0 „  21° ,, 2o6'223 11-998 0-375 OO53
S a r te u r ............. 4 23 » 3- °  11 25° ,, 207-983 I3'°°3 0 4 0 0 0 0 6 2
)) ••• • « « s 24 „ 1.30 ,, 26° ,, 177-203 9-224 0-284 0  052
Solferino 6 24 -, 3-55 , ,  ' 24° ” 289-633 18-380 0.574 0 0 6 3
1 Ugolino Mosso, Apparecchio portabile per determinare l’acido carbonico nellaria espi­
rata da ll uomo. Rendiconti Accademia dei Lincei, 15 Marzo, 1S96.— La respirazione 
dell nomo sul Monte Rosa. Eliminazione dell'acido carbonico a grandi altezze. Archives 
italiennes de Biologie, tome xxv. Ibidem, 12 Aprile, 1S96.
O n Ju ly  13th the expedition  left G ressoney an d  cam ped  in  a  locality 
called  A lp In d ra  (alt., 2,515 m etres), s itua ted  on a level flanked on th ree 
sides by m ountains an d  a t th e  foot o f th e  glacier o f th e  sam e nam e. T h e  
next day we began the experim ents.
E x p e r i m e n t s  m a d e  o n  t h e  A i.p  I n d r a  ( a l t . ,  2,515 m e t r e s ) .
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Jachini ............ 7 26, vii. 10.45 a.m . I So 60 cm. 290-405 17-676 0-497 0 0 6 1
S o lfe rin o ............ 8 26 „ 4.30 p.m. 160 ,, 208-561 12-383 0-386 005 9
,,  ............. 9 29 „ 9.35 a.m . IOO ,, 240-421 9-528 0-298 003 9
Sarteur ............ 10 29 ,, 10.50 ,, 100 „ 174-99° 9-965 0 306 0057
Jachini ... ,.. I I 29 „ 2.16 p.m. 12° ” 283-126 17-563 0-494 0-062
O n the  30 th  Ju ly  we con tinued  th e  ascen t an d  halted  a t a  heigh t o f 3,047 
m etres, a t a  short d istance from  L in ty  H u t, on a  level w hich has served as 
cam ping  g round  to  H e r M ajesty Q ueen M argaret on her expeditions up 
M onte Rosa.
E x p e r i m e n t s  m a d e  n e a r  L i n t y  H u t  ( a i . t . ,  3,047 m e t r e s )
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Jachini .......... 12 I ,  v i ii . 2.30 p.m . 1 s° 51 cm. 243-898 13-926 0-388 0-053
Solferino.......... I S 2 „ 3-39 » 1.3° , , 303-660 16-483 0-5I5 0-054
Sarteur .......... 14 3 >> 3 »» 12° ” 220-354 12601 0-392 0-057
A t th is height, a lthough  th e  air is rarefied  by ab o u t a th ird  there  is no 
p henom enon  observable in the  respiratory  functions referable to  a lack  of 
oxygen.
O n A ugust 5th we reached  G nifetti H u t (alt., 3,620 m etres). T h is 
h u t is su rrounded  on every side by glaciers, to  the n o rth  rises a counterfort 
w hich p ro tec ts it from  th e  w ind. T h e  experim ents were m ade in th e  hut.
E x p e r i m e n t s  m a d e  i n  G n i f e t t i  H u t  ( a l t . ,  3,620 m e t r e s ) .
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Solferino.......... 16 7 „ 4.20 „ 5° , , 231-866 16-597 0-518 0*071
Sarteur .......... 17 8 „ 5-25 „ 7 0 ” 218-828 11-216 0-345 0*051
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A t th is he igh t appeared  th e  first sym ptom s o f an  altera tion  in the 
respirato ry  functions, as m ay be  seen in  the  tracings a t th e  beg inn ing  of 
th e  book. T h e  breath ing , especially during  sleep an d  som etim es also 
during  w aking hours, assum ed  a  decided ly  periodic form. T h ere  was no 
change observable in  th e  soldiers.
O n th e  8 th  th e  expedition  m oved on to  th e  R egina M argherita  H u t 
(alt., 4 ,560 m etres). A fter recovering from th e  fatigue o f th e  ascen t we 
rem ained  here  ten  days.
E x p e r i m e n t s  m a d e  i n  t h e  R e g i n a  M a r g h e r i t a  H u t  (a l t . , 4 ,5 6 0  m e t r e s ).
Se
ria
l 
nu
m
be
r.
Date. Time.
Te
m
pe
ra
tu
re
 
of 
the
 
ai
r.
Ba
ro
m
et
ri
c
pr
es
su
re
.
Li
tre
s 
of 
ai
r 
in
sp
ir
ed
 
in 
ha
lf 
an 
ho
ur
.
o _  g
u  i jr  
= 1  =
I H
O =
Grams of CO2.
C
on
ta
in
ed
 
in 
a 
lit
re
 
of 
air
 p
er
K
ilo
gr
. 
an
d 
pe
r
Jachini ............. 18 12, viii. 4 .2 6  p.m. 7° 43 cm. 276 "427 15-282 0-430 0-055
,, ............. 19 13 ». 5-3°  ». i.3° ,, 289'296 16-096 0-454 0-055
Sarteur ............. 20 16 „ 4.35 » 12 ° ,, 19 2 ‘065 11-284 0-347 0-058
21 17 ». 10.25 a.m. l8° ,, 151-830 8-698 0-268 0-057
S o lf e r in o ............. 22 18 „ 10.20 ,, 20° ,, 267-220 I4 ‘595 0-456 0-054
........ 23 18 „ 1.45 p.m. 19° ” 259-171 1 2 7 0 3 0-396 0-050
T h e  m inim um  of carbonic  ac id  elim inated  during  all these experim ents 
was 8-698 gram s exhaled  by th e  so ld ier S arteu r in h a lf an  ho u r in  the R egina 
M argherita  H u t. I n  C orporal Jach in i also we found th e  p roduction  of 
carbon ic  acid  d im inished.
A fter th e  re tu rn  to  G ressoney la T rin ità  (alt., 1,627 m etres), th e  last series 
o f experim ents were m ade.
E x p e r i m e n t s  m a d e  a t  G r e s s o n e y  l a  T r i n i t à  a f t e r  t h e  R e t u r n  f r o m
M o n t e  R o s a .
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S a r te u r  .............. 2 4 2 3 , v ii i. 10 a .m . ISO 65  c m . 161 -229 8 -9 3 8 0 -2 7 5 0 -0 5 5
fa c h in i  .............. 2 5 , ,  , , 1 1 .2 0  „ 120 , , 3 0 1 -9 7 3 1 8 -4 1 1 0 -5 1 8 0 -0 6 0
S o l f e r i n o .............. 26 ”  ”
3 .4 0  p .m . 12° ” 197-861 10 -4 5 4 0 -3 3 6 0 -0 5 3
IV .
K now ing th a t cand les bu rn  less vividly on th e  A lps,1 we desired  to  learn 
w hether the flame o f life bu rn s likewise less in tensely  a t g reat heights than  in
1 Davy, F rankland, and  Tyndall have studied this question : o ther references are to be 
found in the memoir by D r. Benedicenti above-m entioned, Archives italiennes de Biologie. 
Tom e XXV. p. 473
th e  low lands. T h is  was th e  ob ject o f the  researches m ade by m y b ro th e r on 
th e  chem istry  o f b rea th ing  on  th e  sum m it o f M onte R osa.
T o  facilitate the  survey of th e  results, I in troduce  th e  following tab le  in 
w hich is show n th e  w eight (in  gram s) o f carbon ic  acid, e lim inated  by th e  three 
sub jects in  ha lf an  h o u r a t different heights.
W e i g h t  o k  C a r b o n i c  A c i d  e l i m i n a t e d  i n  h a l f  a n  h o u r  a t  d i f f e r e n t  a l t i t u d e s  
BY TH E  SOLDIERS JA C H IN I, SO LFERIN O , AND S a RTEUR.
1,627 met. 2,515 met. 3.047 m . 3,620 m. 4,560 met. 1,627 niet.
J a c h in i  ..............
S o lfe r in o  
S a r te u r  ..............
15 "423 
11 -998 
9-224
17 -036 
18-380 
i 3 ‘°°3
17-676
12-383
9-965
17-563
9-528
13-926
16-483
12-601
14-388 
16-597 
11 *216
15-282
14-595
11 -284
16-096
12-703
8-698
18-411
10-454
8-938
I t  appears ev iden t th a t th e  rarefaction  o f th e  air ra th er p roduces a d im i­
nution  than  an  augm enta tion  o f th e  carbon ic  ac id  elim inated .
T h e  quan tity  o f a ir in sp ired  in h a lf an  hou r d id  no t undergo  any n o te ­
w orthy variation, as m ay be seen from  the following tab le  :—
L i t r e s  o f  A i r  i n s p i r e d  i n  h a l f  a n  h o u r  b y  J a c h i n i , S o l f e r i n o , a n d  S a r t e u r
AT D IFFER E N T ALTITUDES.
1,627 met. 2,515 met. 3,047 m. 3,620 m. 4.560 met. 1,627 m.
J a c h in i  ..........................
S o lfe r in o  ..............
S a r t e u r ..........................
261-075
206-223
207-983
285-010
289-633
177-203
290-405
208-561
174-990
283-126
240-421
243 '898 
303 -66o 
220-354
231-649 
231 -866 
218-826
276-427
267-220
192-065
289-296
259-171
151830
301 "973 
197-861 
161 229
F rom  these da ta  we see th a t w hen one rem ains tranqu il an d  in  repose, no 
great m odifications appear a t g reat heigh ts in th e  e lim ination  of carbonic  
acid, no r in th e  volum e o f insp ired  air.
O ur body is not, therefore, an  econom ical m ach ine  w hich ad ap ts  itself to 
surroundings an d  to  c ircum stances. W hen  there  is a  d im in ished  q u an tity  o f  
oxygen in the a ir we canno t a lte r ou r expend itu re  an d  burn  th e  substance  
o f our organs less rapidly. T h e  chem istry  o f th e  body  can n o t b ear fu rther 
reductions, an d  th is is a  p roo f th a t its consum ption  is low ered to  th e  m in im um  
com patib le  w ith th e  con tinuance  of its activity. T h is  fact, estab lished  by 
Prof. U . M osso, is im portan t. I t  shows th a t it is no t possib le to  m odera te  
the chem ical processes o f life, and  th a t we can n o t ad ap t ourselves to  a 
d im in ished  ra tion  of oxygen, for even in  rarefied a ir th e  organism  needs its 
norm al am ount.
Should  the d o u b t suggest itself th a t the  cold m ay have p roduced  a greater 
consum ption  of m aterial in  the  organism , a n d  th a t th e  consequen t augm en ta­
tion of carbonic  acid  m ay have com pensated  for th e  slacken ing  o f th e  chem ical 
processes due  to  the rarefaction of th e  a ir ,1 I  m ay answ er th a t th e  influence 
of the tem pera tu re  certain ly  d id  n o t m odify th e  results o f ou r analyses, as we
1 T he investigations o f Speck, and the more recent ones o f W olpert, have shown that 
there is no difference in the elim ination of carbonic acid when the surrounding tem perature 
fluctuates betw een 50 and 25°. Archiv f ü r  Hygiene, xxvi., pp. 1 to 32.
also took  care th a t th e  tem pera tu re  of th e  R egina M argherita  H u t should  no t 
sink below 7°, no r rise h igher than  200 during  these experim ents.
D r. W. M arcel stayed th ree  days a t the  C ol du  G éan t in 1880, in o rder to  
study th e  carbonic acid  e lim inated  by m an a t a  he igh t o f 3,365 m etres.1 H e  
m ade experim ents on h im self an d  on a  young friend, collecting  th e  exhaled 
a ir in to  an  im perm eable  caoutchouc bag, an d  found th a t he  had  em itted  12 
per cent, an d  his com panion  16 p e r cent, less th an  in  the plain. D r. M arcel 
th inks th a t such a d im inu tion  o f th e  in te rna l com bustion  was due  to th e  cold, 
for th e  tem pera tu re  th a t day was only of, 6°, b u t p robab ly  there  w ere o ther 
com plications.
V.
T h e  b ro thers Lcewy, o f Berlin, an d  th e  son o f Prof. Z u n tz 2 perform ed 
las t year on M onte R osa  an  im p o rtan t series o f investigations on the chem ical 
activ ity  o f th e  respiration . T h ese  researches m ay be considered  a s , the 
co n tinua tion  of those w hich S chum burg  an d  Z untz m ade th e  year before on 
th e  o th er side o f M onte  R osa  in  th e  B étem ps H u t, a t  a  heigh t o f 2,800 
m etres, an d  on th e  glaciers a t th e  heigh t o f ab o u t 3,800 m etres.3
I t  was a  p leasure to  m e to  no tice w ith w hat ability  m y colleagues con­
d u c ted  these A lp ine investigations, an d  I regret th a t lack  of space does no t 
allow m e to  explain th e  ingenious techn ique o f th e ir experim ents, obliging 
m e to  restric t m yself to  a b rief m en tion  o f th e  resu lts o b ta ined  a t the Col 
d ’O len, an d  the  hu ts G nifetti an d  R eg ina  M argherita . T h e  w eather was u n ­
favourable du ring  th e ir so journ  on M onte  R osa.
T h ese  investigators found  th e  ra te  o f th e  pulse an d  of th e  respiratory 
m ovem ents increased  from  th e  tim e they  left B erlin  to  th e  arrival a t th e  C ol 
d ’O len an d  G nifetti H u t. T h ey  noticed , how ever, th a t they  gradually 
accu sto m ed  them selves to  these heights, because in  G nifetti H u t, w hich is 
a t  an  a ltitude  o f 3,620 m etres, th e  frequency of the pu lse  was less th an  a t the 
C ol d ’O len, w hich is a t a  heigh t o f only 2,865 m etres, an d  during  the ir stay 
in  G nifetti H u t, th e  pulse  con tinued  to  decrease in  all three.
T h e  researches in to  th e  consum ption  o f oxygen were m ade while w alking 
in  th e  plain, o r in perform ing  th e  sho rt ascen t to  th e  Col d ’O len or on the 
g lacier n ea r G nifetti H u t. F o r D r. J . Lcewy an d  L . Z untz th e  consum ption  
o f oxygen during  m uscular w ork was g rea ter on M onte R osa  than  in Berlin. 
F o r D r. A. Lcewy th e  augm enta tion  in  th e  consum ption  o f oxygen was less 
considerab le  th an  for h is two com panions. T h ey  are  o f op in ion  th a t an  
A lp ine clim ate stim ulates th e  m ateria l change in  our organism . T hey  
em phasise  th e  c ircum stance th a t in none o f the ir experim ents d id  they  m eet 
w ith any effect w hich w ould ind ica te  a  lack  o f oxygen. In  spite o f this the ir 
clim bing  pow ers w ere no tab ly  d im in ished  ; th e  w ork perform ed every m inute 
du ring  th e  easy ascen t o f a sloping p lain  was less a t th e  Col d ’O len than  in 
B erlin, an d  less again  a t G nifetti H u t. T h e  d im inu tion  of th e  am o u n t o f 
■work w hich m ay be perform ed w ithout d iscom fort a t different heights had  
already  been  observed th e  year before by Z untz an d  S chum burg  on  the  o ther 
side of M onte  R osa, an d  I, too, had  been  ab le  to  establish  th e  sam e fact by 
m eans o f w ork accom plished  w ith the  ergograph a t th e  various halting-places
1 W illiam  M arcel, A  Contribution to the History o f the Respiration o f Man. London, 
1897, p. I I .
2 Drs. A. Lcewy, J. Lcewy, and L. Zuntz, Ueber den E influss der verdünnten L u ft una 
des Höhenklimas a u f den Menschen. Pflüger’s Archiv. Bd. 66, p. 477.
3 Schum burg and Zuntz, Pflüger’s Archiv Bd. 63, p. 461.
of my expedition. I t  is an im portan t fact because it shows th a t it is n o t the 
lack o f oxygen w hich d im inishes our ap titu d e  for work, and  lowers, so to  
speak, th e  lim it o f ou r streng th . I  th ink  it well to in troduce  here a table 
taken  from the w ork o f th e  above-m entioned  authors, as we have here  a  new 
species o f study before us w hich will certain ly  be fruitful in results and  shed 
new light on the physiology o f m an in the  Alps.
A v e r a g e  W o r k  ( i n  k il o g r a m  m e t r e s ) p e r f o r m e d  p e r  m i n u t e  i n  w a l k i n g  o n  
A SLOPING PLAIN IN B ERLIN  AND ON M O N TE ROSA.
A. Lcewy. J. Lcewy. L. Zuntz.
Berlin : gradient 37 in 100 ............ 570 kgm. 580 kgm. 809 kgm.
Col d ’Olen : gradient 30 in 100 .. 440 „ 504 „ 574 „
Gnifetti H u t : gradient 35 in 100 ... 475 „ 559 „ 580 „
H oar-frost on the Regina M argherita H u t after the storm  of August 13, 1S94.
C H A P T E R  X V I
A N A LY SIS  O F  A S P H Y X IA  A N D  O F  M O U N T A IN -S IC K N E S S
I.
PA U L  B E R T  was th e  successor o f C laude B ernard  in  th e  chair o f physiology a t th e  Sorbonne. H is  nam e is know n in  politics, in lite ra tu re  an d  in  science. I t  was P au l B ert w ith his m echanical talent, 
his appara tu s an d  his analyses o f th e  b lood  w ho laid  th e  foundations o f a  
physiology o f m an  on the  A lps. H is  volum inous w ork on barom etric  pres­
sure  was pub lished  while he  was fighting a  m em orab le  battle , rich  in  results, 
in  th e  field o f politics, w hen, as he  w rote in  the  preface, he  “ was often to rn  
from  th e  laboratory  by th e  severe ca ll o f civil du ties.” H is  p rem atu re  death  
in  T o nqu in , w here h e  fell a  v ictim  to  th e  clim ate and  a  sacrifice to  his 
country , who h ad  sen t h im  to  govern th a t colony a t a  critical m om ent, 
endears still m ore his m em ory.
T h e  vastness o f th e  scientific w ork began  by P au l B ert exceeded his 
streng th , no r n eed  our w onder be  excited  if  o thers after h im  have rectified 
th e  results o f som e o f  his investigations. In  studying  th e  m odification of the 
gases in  th e  b lood  in  an  an im al p laced in  rarefied  air, P au l B ert found  th a t a  
fall o f only 20 cen tim etres in  th e  heigh t o f th e  barom eter (observable for
instance a t the H osp ice  o f th e  G t. St. B ernard) is sufficient to d im in ish  the  
quan tity  o f oxygen con ta ined  in  th e  blood.
P au l B ert seem ed thus to  have confirm ed by his experim ents Jo u rd a n e t’s 
opin ion an d  to  have d iscovered the  cause o f m ountain-sickness. Jo u rd an e t 
was a F ren ch  physician, who had  spen t m any years on the p lateaus o f 
Mexico, w here he conceived th e  idea  th a t a t a  certain  heigh t on the  m ountains 
there m ust be a  lack o f oxygen in  th e  blood, as there  is no longer a sufficient 
quan tity  o f oxygen in  th e  a ir to  sa tu ra te  th e  hæ m oglobin. I t  was th is 
physician, au th o r o f two volum es on th e  influence o f a tm ospheric  pressure 
on hum an life,1 who gave to  Pau l B ert th e  m eans o f constructing  th e  splend id  
appara tus o f th e  Sorbonne. B ert recognised the  w orth o f th is benefactor o f 
science ; he concludes th e  w ork ded ica ted  to Jo u rd an e t as follows : “ T h e  
d im inution  o f barom etric  p ressure acts on living beings only  by d im inishing 
the  tension o f th e  oxygen in  th e  a ir w hich they  breathe, an d  in  th e  b lood 
w hich an im ates th e ir tissues (anoxyhcvm ia  acco rd ing  to M. Jo u rd an e t), and  
by exposing them  thus to the  dangers o f asphyxia.” 2
F raenkel an d  G eppert o f B erlin  began  th e  criticism  o f P au l B ert’s theory. 
T hey  show ed th a t th e  m ethod  adop ted  by him  for th e  analysis o f th e  blood, 
was no t sufficiently exact, and  th a t dow n to a  barom etric  pressure o f 41 
cen tim etres (corresponding  to  a  heigh t a  little  above th a t o f M on t B lanc) the 
blood still con tains th e  sam e am oun t o f oxygen as a t th e  sea-level.3
B ert’s w ork con ta ins two fundam ental conclusions : (1) T h a t a t the 
height o f th e  Gt. St. B ernard  th e  arteria l blood con ta ins less oxygen than  
norm ally ; (2) T h a t a  little  h igher than  M o n t B lanc the arteria l b lood  is 
already so poor in oxygen th a t it con ta ins less th an  venous b lood  a t th e  sea-' 
level. T h e  sim plicity  o f this theory  favoured its accep tation , an d  it rem ained  
unattacked  till 1883.
T h e  fact dem onstra ted  by F raenkel an d  G eppert th a t the  am o u n t o f 
oxygen in the  b lood of a  dog  is no t appreciably  a ltered  a t a  he igh t o f 4,915 
m etres has no t m uch e lucidated  th e  physiology of m ountain-sickness, because 
we know  th a t m any persons suffer som ew hat seriously from  th e  rarefaction  of 
the air below  th is lim it. In  o rder to  explain th e  appearance  o f m ountain- 
sickness below a heigh t o f 4 ,900 m etres, F raenkel an d  G eppert recu r to  the  
theory  o f U ufour, who m ain tained  the d ependence of th e  ind isposition  on 
th e  excessive work o f the  m uscles. W e know, how ever, th a t n o t all recover 
from m ountain-sickness w ith repose. I  knew  m any persons in  th e  R eg ina  
M argherita  H u t w ho vom ited  all night, an d  w ho even co n tinued  to  feel 
unwell the day after the ir arrival. O thers, I  noticed , slep t th rough  th e  n ight 
and  vom ited  th e  nex t day. T h ese  cases are  no t explained  e ither by th e  
D ufour hypothesis o r by the analyses o f th e  b lood  o f F raenke l an d  G eppert.
I I .
T h e  nostrils an d  the  m ou th  canno t be k ep t closed a t th e  sam e tim e longer 
than  a  m inute . T h ere  are  exceptional cases in w hich th e  tim e is longer, bu t 
the m ajority  o f persons are obliged to  b rea the  even a fter th e  lapse o f only 
half a m inute.
T h is  irresistible necessity  is due  to  th e  fact th a t m ou th  an d  nose are  like
1 Jourdanet, Influence de la pression de Fair sur la vie de F homme. Paris, 1875.
2 P. Bert, Pression barométrique, p. 1153.
3 A. Fraenkel und J . G eppert, Ueber die Wirkungen der verdünnten L u ft  a u f  den 
Organismus, Berlin, 1SS3, p. 112.
th e  chim ney over th e  fire ; if they are  closed, th e  sm oke suffocates us. W e
know  th a t th e  b lood  c ircu ­
lates th rough  th e  lungs and  
yields in  its passage its car­
bonic acid  to  th e  air from 
w hich it draw s its supply 
o f oxygen. I f  th e  lungs 
rem ain  closed, a  m om ent 
soon com es in  w hich the 
b lood  lacks a  sufficient 
am o u n t o f  oxygen, con­
tain ing  instead  too large a 
quan tity  o f carbonic  acid. 
F rom  th is m om ent th e  
b lood  w hich circulates in 
th e  arteries begins to  have 
a  certain  resem blance to 
th e  b lood  in  th e  veins. 
T h is  sim ilarity  goes on  in­
creasing. T h e  nervous 
cen tre  im perfectly  fed with 
oxygen rem ains excited. 
T h e  w hole organism  feels 
th e  effect o f th is change 
in  th e  b lood  a n d  th e  will 
becom es incapable  of ho ld ­
ing in th e  b rea th  any 
longer.
I f  m oun ta in  - sickness 
were, as P au l B ert said, 
a sort o f  asphyxia, one 
ough t to  be  still less able 
to  keep  th e  nose closed 
on  h igh m ountains. T h e  
above sim ple experim ent 
gives us an  idea o f the 
rap id ity  w ith w hich in ternal 
chem ical processes are  ac­
com plished, an d  o f the 
supplies o f  oxygen w hich 
we have sto red  up  in  the 
b lood  an d  in  th e  tissues.
I  com m unicate  one of 
these experim ents m ade on 
th e  sold ier C ento , on the 
n t h  July, 1894, a t 3 p.m ., 
th e  respiratory  curve o f the 
thorax  being  taken  w ith 
M arey’s doub le  pneum o­
graph. T h e  top  line of 
Fig. 49 shows th e  norm al 
tracing. T  ow ards the
a- tt>
m idd le o f th e  second  
line I closed h is nose, 
com pressing th e  nostrils 
w ith m y fingers a t the 
en d  o f an  inspiration. 
T h e  line, w hich has be­
com e horizontal, shows 
th a t th e  thorax  is still 
a n d  th e  b rea th ing  sus­
pended . T h e  slight un ­
du la tions are  caused  by 
th e  beating  o f th e  heart. 
A fter 45 seconds, no t 
be ing  ab le  to  ho ld  his 
b rea th  any  longer, he  
opened  his m outh . E ven  
before th is we see th a t 
th e  thorax  has becom e 
restless an d  th e  line irre­
gular, then  a  deep  brea th  
is draw n, followed by 
o ther strong  insp irations 
o f g radually  decreasing 
vehem ence. Soon the  
norm al b rea th ing  re­
turns.
O n  th e  5th o f  A ugust 
I  repea ted  the  sam e ex­
perim en t in  G nifetti H u t. 
T h e  trac ing  ob ta ined  is 
show n in  line 3. W e 
see th a t th e  am plitude  
o f  the  respiratory  m ove­
m ents is som ew hat 
g reater th a n  in  T u rin  
w hile th e ir  frequency is 
d im in ished . As th e  
tem pera tu re  o f th e  air 
was 27° w hen th e  pre­
ced ing  tracing  was taken 
in T u rin , a n d  only io° 
in G nifetti H u t, it m ay 
b e  though t th a t this 
difference in  th e  b rea th ­
ing was due  to  th e  tem ­
perature. Som e sm all 
influence it m ay possibly 
have had, b u t th ere  is 
certain ly  an  effect due 
to  the rarefaction of th e  
air.
T h e  m ost strik ing fact N fO
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is th a t C en to  resisted  th e  suspension o f th e  b rea th  only half the usual tim e, 
w hen he was a t a  he ig h t o f 3,620 m etres. N o r m ust th is be considered  
as an  acciden ta l c ircum stance, for I  repeated  th e  experim ent several tim es 
on C ento  in  G nifetti H u t an d  always w ith th e  sam e result. T h is  seem ed 
strange to  me, because only in  h im  d id  th is d im in ished  barom etric  pressure 
suffice to  reduce  the  du ra tion  o f th e  suspension o f  th e  b rea th . A  few days 
la ter I  though t I  had  found  th e  exp lanation  o f th is c ircum stance, in  the 
fact th a t C ento  had  suffered from  m ountain-sickness in  ascend ing  G nifetti 
Peak, w hereas th e  o thers had  no t felt in  any way indisposed.
O n A ugust n t h  C en to  started  for R eg ina  M argherita  H u t w ith 18 k ilo­
gram s on his shoulders. W hen  he was half-way up, h is load  had  to  be 
ligh tened  as he was w alking very laboriously over the glacier. A t th e  Col du 
Lys he show ed such signs o f suffering th a t Dr. A belli, who was w ith him , 
considered  it im p ru d en t to  le t h im  proceed  to  R egina M argherita H u t, an d  
therefore  sen t him  back  w ith th e  guides.
I f  we exam ine th e  tracing  (Fig. 49) m ore closely, we no tice th a t a lthough  
C en to  show ed less resistance in  line 3, w ritten  a t a  he igh t o f 3,620 m etres, 
th e  de trim en t to  th e  organism  in consequence  o f th e  a rrest o f b rea th ing  was 
n o t g reater, for in less tim e than  before th e  resp iration  has becom e norm al 
again. T his, too, surprised  me. I  had  supposed th a t in  rarefied a ir a  longer 
tim e w ould be necessary to  rem edy th e  in te rna l changes produced  by an  
arrest o f respiration .
T h is  supposition  was, I  found, verified in m yself in R eg ina  M argherita  
H u t (Fig. 50).
O n th e  n t h  o f July, r8g4 , I  m ade two experim ents, one after th e  other, 
in  T u rin , ob ta in ing  th e  sam e resu lts as is seen in  th e  tracings 1 an d  2, w hich 
are  precisely sim ilar. A fter two days’ rest in  th e  R eg ina  M argherita  H u t, I 
repeated  the  experim ent (line 3), an d  found th a t in  m y case also th e  resistance 
to  th e  suspension o f  b rea th ing  was dim inished, a n d  th a t a  longer tim e was 
necessary for th e  respiration  to  regain its form er rhy thm  and  form. T h e  
barom etric  depression p roduced  a  d im inu tion  o f th e  frequency an d  a  greater 
am plitude  o f th e  respirato ry  m ovem ents. I  am  convinced th a t th is difference 
is no t due  to  th e  tem perature , as I  h ad  had  the  room  hea ted  w hich served 
as a  laboratory. In  the respiratory  curves ob ta ined  on th e  sum m it o f M onte 
R osa  on  th e  o th er m em bers o f th e  party, it was no t possib le to  discover the 
slightest difference from  those taken  in T u rin  on the sam e persons.
I I I .
A ll m ountain-clim bers w ho have been  h igh up on th e  m ountains will have 
no ticed  th e  discom fort caused  by th e  in terrup tion  of th e  breath ing, an d  the 
d is tu rbance  o f the circulation  w hen one has to stoop  or exert one’s self in 
any way.
I  h ad  th o u g h t th a t the  arrest o f th e  b rea th  w ould prove a  convenien t 
m ethod  for studying  the  predisposition  to m ountain-sickness, this supposition 
seem ing reasonable  to  me, no t only because o f th e  resem blance betw een 
asphyxia an d  m ountain-sickness, b u t also because in  Zurbriggen I  had  found 
a  resistance superior to  th e  average. As m ay be  seen from  Fig. 51 he is able 
to  rem ain  from 50 to  60 seconds w ith nose an d  m ou th  closed, w hereas th e  
m ajority  o f persons canno t even resist asphyxia for h a lf  a m inu te  w ithout 
open ing  the m outh . I  m ust, however, confess th a t th e  m atte r is m uch  m ore 
com plicated  th an  it seem s. A s th is question  had  no t been  previously studied
w ith sufficient accuracy I found  m yself so beset w ith difficulties in th e  few 
experim ents perfo rm ed  on M onte  R osa, th a t after m y re tu rn  to  T u rin  I  had  
to  begin all over again. I  begged th e  s tuden ts  o f m y m edical course to  let 
m e exam ine them , w ith a  view to establish ing, first, th e  relation  betw een the 
capacity  of th e  lungs and  th e  dura tion  of the resistance to  suspended  breath ing . 
T h e  heigh t an d  w eight o f th e  sub jects w ere o f course duly ascertained. In  
th e  following table  th e  various m easurem en ts resu lting  from  th e  exam ination 
o f fifteen studen ts are  given. In  Fig. 52 th ese  values ob ta ined  are graphic­
ally rep resen ted  for th e  sake of g rea ter clearness.
I n d i v i d u a l  D i f f e r e n c e s  i n  t h e  R e s i s t a n c e  t o  A s p h y x i a  i n  R e l a t i o n  t o  V i t a l  
C a p a c i t y , W e i g h t  o f  t h e  B o d y , a n d  S t a t u r e .— M e a s u r e m e n t s  t a k e n  o n  
S t u d e n t s  o f  t h e  T h i r d  Y e a r .
Se
ria
l
nu
m
be
r.
Name.
Respiratory 
suspension 
in seconds.
Vital
capacity.
W eight in 
kilograms.
Stature in 
metres.
I Francesco D e v e c c h i.............................. 72 3,250 56-900 1-68
2 Giuseppe C a m b ia n o .............................. 40 2,750 6 r  too 1-71
3 Carlo S ucci................................................ 38 2,400 71-500 I ‘71
4 Alfredo G o lz io ....................................... 35 3,200 62-200 I " 63
5 Adolfo C a sazzo ....................................... 34 4,600 73-100 1-95
6 Piero G io rd a n o ....................................... 25 5,000 79-500 I -90
7 Gerolamo Cesare .............................. 31 4,500 74"500 1-72
8 Luigi G edda ....................................... 29 2,500 55-200 1-67
9 Silvio D e m o n te ....................................... 22 3,500 66- I -So
10 Pom peo R ivalla .............................. 28 4,468 72-300 1-76
11 D avide Pazzi ....................................... 24 3,640 6 i- I -62
12 A ntonio M o s s o ....................................... 22 3,300 76-500 1-70
13 Cesare P ro v e rà ....................................... 18 2,834 66-500 1-67
14 V ittorio F lick ....................................... 17 3,950 64-200 i "75
■5 Giacomo Cardini .............................. 19 3,250 64- 1-71
T h e  d o tted  "line ind icates the vital capacity, the  th icker, con tinuous line, 
th e  du ra tion  in seconds o f th e  respiratory  suspension.
T h e  sub ject N o. 1 for instance, as we see by th e  ind ication  to  th e  h igher 
left-hand co rner was ab le  to  hold  ou t 72 seconds. T h is  was th e  m axim um  
observed in th is series o f observations. T h e  vital capacity  o f th is stu d en t 
was sm all, am oun ting  only to  3,250. S ub ject N o. 6 h ad  th e  m axim um  vital 
capacity  an d  resisted  only 25 seconds.
I f  we follow th e  course o f th e  two lines in Fig. 52 we see a t once th a t a 
stric t relation  betw een vital capacity  an d  the du ra tion  o f th e  respiratory  sus­
pension is lacking. N either are  we ab le  to  say th a t it is th e  w eight o f the 
body or m ass o f b rea th ing  substance  w hich en ters as a  p repondera ting  
factor. Subject No. 8 for in stance is lighter th an  all, has a lung-capacity supe­
rior to  th a t o f No. 3, an d  yet resists asphyxia less th an  th e  la tte r and  m any 
others. ' W e m ay conclude from th is th a t the quan tity  o f  a ir w hich we have 
in the lungs is no t th a t w hich gives us the m eans o f  resisting an  arrest o f 
b reath ing  for a  g rea ter o r lesser length  o f tim e. I t  is no t th is supply of 
oxygen, no r the  w eight o f th e  body w hich determ ines the  long or short 
duration  of the respiratory  suspension, bu t the  nervous system  w hich dom i­
nates these phenom ena w ith its g rea ter or lesser resistance to  asphyxia.
E ven  th e  outw ard aspect by w hich we ju d g e  w hether a  person is rich in 
blood or anæ m ic, is deceptive, for one studen t, Sig. G am baro tta , who held
1 A . Benedicenti, Sull' arresto del respiro 
nell' uomo e le cause che ne modificano la 
durata. R . Accadem ia m edica di Torino, 
1897.
ou t longer than  all th e  rest, rem ain ing  1 min. 33 sec. w ithout b reath ing, is
pale an d  ra th er anaemic. O thers w ith 
a vital capacity  below  th e  average 
also resisted  for a  long  tim e.
I  had  hoped  to  find a  g rea ter re ­
tò sistance to  asphyxia in  A lpinists who
S, do n o t suffer from  m ountain-sickness,
■g, b u t I  m e t w ith  m any exceptions.
F ran c io li an d  Q uaretta , th e  two 
y keepers o f the  R eg ina  M argherita
e H u t, have only an average resistance
.a to  respirato ry  suspension although
y they are  accustom ed  to  live in  rarefied
ja air. D r. B enedicen ti show ed by th e
u analysis o f a ir th a t th e  dura tion  of
- |  th e  respiratory  arrest is, w ithin cer­
ti tain  lim its, in d ep en d en t o f th e  quantity
^  o f oxygen consum ed .1
2  H av ing  recognised by m eans o f th e
_ti experim ents con ta ined  in th is section
th a t th e  nervous system  exercises a 
p repondera ting  influence on the  re- 
8 sistance to  asphyxia, it is now  easier
to un d ers tan d  th a t th e  phenom ena 
Ü-S o f m ountain-sickness d epend  also on
th e  g rea ter o r lesser resistance w hich 
th e  nervous system  opposes to  the 
deficiency o f oxygen, to  th e  hunger 
for th is e lem en t w hich is one o f the 
m ost ind ispensab le  to life.
IV .
W hen  we see a  duck  dive in search 
o f food, we are  surprised  th a t it can 
rem ain  so long w ithout breath ing. 
I  have often m easured  th is leng th  o f 
tim e, and , in  o rder to  ren d er th e  ex­
perim en t m ore exact, w hile one held  
the  duck  over a  large glass vessel, 
an o th e r k ep t th e  head  u n d er water. 
T h e  duck  ho lds ou t for six or seven 
m inutes an d  has n o t even convul­
sions. A  dog or a  m an  subm ersed  
^  in  th is way w ould die in  h a lf th a t
^ tim e.
*? P . B ert’s exp lanation  o f th is pro-
2 longed  resistance was th a t ducks m ust
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have a  g reater am oun t o f blood. R ic h e t1 proved th a t this is no t th e  case. 
N either have divers necessarily a  g reater quantity  o f b lood  or a greater 
developm ent o f the lungs. In  th e  p reced ing  section it has been  shown that 
these differences arise from th e  g reater or lesser resistance of th e  nervous 
system  to asphyxia.
T h e  fact th a t th e  duck  opposes m ore prolonged  resistance to asphyxia 
th an  o ther anim als w ould lead  us to believe th a t it m ust also resist longer 
th e  action  o f rarefied air. O n th e  contrary  it resists rarefied air for a m uch 
shorter space of tim e than  respiratory  suspension ; an d  less than  anim als 
m ore easily an d  seriously sub jec t to  m ountain-sickness, as th e  dog an d  the 
m onkey.
I f  we p u t a duck  u n d er a  large pneum atic  bell an d  reduce th e  pressure to 
14 o r 16 cen tim etres o f m ercury, th e  an im al falls after th e  lapse o f one 
m inute . I f  we then  take  it ou t o f th e  rarefied air an d  p u t it on the ground, 
it appears to  be  dead, shortly  afterw ards, however, recovering an d  regaining its 
legs. T h e  phenom ena p resen ted  by th e  duck  during  the  m inute  in  rarefied 
a ir  canno t be  ob ta ined  in any way by asphyxia. A  respiratory  arrest lasting 
only one-sixth or one-seventh of th e  tim e, during  w hich th e  duck  resists 
asphyxia, produces m ost serious d isturbances. E ven  five or six m inutes after 
its réan im ation  the  duck  still keeps its legs w ith difficulty. T h is  proves that 
th e  action  o f the  rarefied air on th e  nerve-centres was very rap id  and  intense. 
D eath  in  these two cases is b rough t ab o u t in different ways.
I  had  th e  p leasure o f perform ing som e o f these experim ents before my 
friend Prof. C h. R ich e t w hen he cam e to  T u rin , th e  results ob ta ined  being 
pub lished  by him  in his physiological d ictionary .2 I quo te  h is descrip tion  
w hich is th a t o f an  eye-witness, expressing my thanks to  h im  for its publi­
cation.
“  In  dea th  from  asphyxia there  are  convulsions, v io lent agitation, d ilation  
o f th e  pupil, g rea t distress, expulsion o f fæces an d  urine, while in  death  
caused  by barom etric  depression, the  pupil a tta in s its m axim um  contraction  ; 
in stead  o f frantic agitation , a  sort o f com a is observed, there  is a  general 
num bness, a  g reat w eakness o f all th e  m uscles, no phase o f excessive excite­
m en t and  convulsions invariably observed in  sim ple asphyxia.”
T h e  b reath ing  of ducks becom es m ore laboured  u n d er th e  pneum atic 
bell than  th a t o f dogs, they do no t sleep as the la tte r  often do, and  die 
sudden ly  after forcibly shaking th e  head  ; it being im possible to save them  
after the m anifestation  o f th e  phenom ena w hich announce  th e  approach of 
death . T h e  difference is due to  th e  fact th a t w hen th e  a tm ospheric  pressure 
dim inishes, th ere  is no t only a decrease in th e  w eight o f oxygen con ta ined  in 
the  air, b u t also in  th e  quan tity  o f carbonic  ac id  in  the  b lood  as we shall see 
in  C hap te r X X II .
V.
I f  we draw  th ree  or four deep  b rea th s one after th e  o ther we notice that 
afterw ards, for a  certain  length  of tim e, we no longer feel th e  need  o f b rea th ­
ing. T h e  respiratory cen tre  having b rea thed  m ore than  is necessary for a few 
seconds m ay then  rest, rem aining for a tim e in inaction . T o  th is state 
physiologists have given th e  nam e of apncva.
I f  it were true, as th e  m ajority  of physicians m aintain , th a t m ountain-
1 Malassez e t Richet, Comptes rendus. Société de Biologie, 17th N ov., 1894. 8th 
D ec., 1S94.
- Ch. R ichet, Dictionnaire de Physiologie, tome ii. p. 36.
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sickness originates in  a  s ta te  o f th e  b lood  sim ilar to th a t in asphyxia, it 
should  be m ore difficult to effect this respiratory pause on high m ountains. 
F o r th is reason I  m ade som e researches also on apncea during  my expedition 
u p  M onte  R osa.
I com m unicate  th ree observations m ade on  m yself (Fig. 53). T h e  top  
line of Fig. 53 shows my respiratory curve in  T u rin , reg istered  with M arey’s 
doub le  pneum ograph  applied  to th e  thorax. A t th e  sign a  th ree  deep  
insp irations w ere executed. T h e  b rea th ing  ceases naturally  for n ineteen  
seconds, the  line m eanw hile m arking the beating  o f th e  heart, after w hich the 
resp iration  recom m ences spontaneously  w ith som ew hat forcible m ovem ents. 
T h is  is th e  effect o f apncea.
W hen I  was on M onte  R osa I  repeated  this experim ent an d  ob ta ined  the 
tracing  2 o f Fig. 53. W e see here, too, th a t the respiratory  frequency a t the 
a ltitu d e  o f 4 ,560 m etres is slightly d im inished, an d  th a t th e  inspirations are 
ra th e r deeper. I  again drew  th ree  deep  breaths, w hich were followed by an 
in terval o f seventeen seconds. T h ere  is, therefore, only a  m inim um  difference 
betw een th is respiratory  pause and  th a t o f th e  foregoing experim ent. I n  this 
case, as in  th a t o f respiratory  suspension consequen t on th e  closing o f nose 
and- m outh , I  have found  th a t the results ob ta ined  are  sub ject to  variations 
from  day to  day. T h e  dura tion  of apncea a t th e  ord inary  pressure is som e­
tim es m uch longer, as m ay be  seen by line 3. I f  we com pare th e  m axim um  
dura tion  observed in R egina M argherita  H u t with th e  m axim um  ob ta ined  in 
T u rin , it w ould appear fhat a t a  h igh a ltitude  apncea is o f shorter duration .
N evertheless, in  th e  soldier C ham ois I found  th a t apncea was m ore p ro ­
nounced  a t a  he igh t o f 4 ,560 m etres th an  w here th e  ord inary  barom etric  
p ressure prevails. T h is  observation , w hich to  m any will seem  paradoxical, 
is the  m ost eviderF p ro o f th a t on high m ountains the  conditions are  different 
to  those p roduced  by asphyxia. T h e  novelty o f the  case is clearly show n in 
Fig. 54. I n  the  first experim ent (lines 1 an d  2) C ham ois executed  n ine 
deep  inspirations w hich affected very little  th e  course o f the  breath ing, as is 
th e  case in  m any persons in  whom th e  phenom ena o f apncea are less evident. 
T h e  second  line was w ritten w ithout in terrup tion  im m ediately  after the first, 
as I  no ticed  th a t the respiratory curve had  no t recovered its norm al form, 
ow ing probably  to  a  slight em otion  an d  to  th e  transition  from profound 
abstrac tion  to  the  m ental an d  physical activity w hich forced breath ing 
necessitates.
W hen we had  arrived  a t R eg ina  M argherita  H u t, I  perform ed ano ther 
experim ent o f the  sam e kind, m aking use o f the  sam e cylinder w ith the  sam e 
velocity o f ro tation . W e see in  th e  bo ttom  tracing  th a t a fter n ine inspira­
tions there  is a  com plete  pause, the like o f w hich I never o b ta ined  on this 
sub ject in  th e  plain, an d  th e  b reath ing  fu rther shows a  tendency  to  stop 
w hich it had  n o t before.
I t  occurred  to  m e th a t th is paradoxical phenom enon m ight be an  effect of 
fatigue o f the respiratory  cen tre  w hich only becam e ap p aren t a t th a t altitude, 
because th e  nervous cen tre  was there  weaker. C ou ld  we m ain ta in  tha t 
the n ine  forcible inspirations executed  one after th e  o ther had  p roduced  an 
exhaustion  of th e  respiratory  centre, the explanation  w ould be sim ple, b u t I 
fear th a t in  reality  it is m uch  m ore com plicated . T o  th e  psychic sta te  m ust 
certain ly  in p art be  due so profound a  m odification of th e  breath ing. In  
T u rin  th e  sub ject was wide awake, here  he  was drowsy, b u t no t asleep as 
was proved by his executing  a t a  given sign th e  n ine  deep  inspirations. 
Im m ediately  afterw ards, however, he  closed his eyes. W hatever the
explanation  m ay be, it 
is strange th a t the 
cond itions o f th e  re­
spiratory cen tre  should  
be such a t an  a ltitude  
o f 4 ,560 m etres as to  
p roduce a  respiratory 
pause never previously 
observed. T h is  trac­
ing canno t be  ex­
plained by m eans of 
lle r t’s theory. T h is  is 
an o th e r fact, therefore, 
w hich m ilitates against 
prevailing ideas, an d  
w hich transports us as 
it were to  th e  an ti­
podes in th e  in te rp re ­
tation  o f th e  effects 
w hich rarefied a ir p ro ­
duces in th e  organism . 
F rom  the  above obser­
vations it appears evi­
d en t th a t th e  m edulla  
oblongata, u n d e r these 
conditions, no longer 
acts norm ally, an d  in 
th e  d irection  thus
suggested we m ust 
pursue our investiga­
tion.
V I.
L e t us first exam ine 
what changes take 
place in the  organism  
when one ascends a t 
the rate  o f ab o u t 1,000 
m etres per week, and  
during  a  so journ  of 
ten days a t an  altitude  
o f 4 ,560 m etres. In  
the following tables are 
registered th e  observa­
tions w hich we m ade 
on five soldiers in a 
s ta te  o f com plete  re­
pose, th e  ra te  o f pulse 
and  b rea th ing  th a t is, 
and  the rectal tem ­
p e r a t u r e .  I  h a v e
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already  m en tio n ed  on page 32 th a t for two m onths in succession Dr. V. A belli 
an d  I  m ade  these  observations in tu rn , in th e  m orning before the  soldiers 
w ere ou t o f bed, an d  in the  evening betw een th ree and  five o ’clock, before 
they  d in ed . F o r th e  sake o f brevity I only com m unicate  the  statistical 
resu lts re la ting  to  th e  five soldiers, w hich are in  perfect agreem ent, however, 
w ith th o se  fu rn ished  by th e  observations on th e  o ther m em bers o f our 
expedition . T h e  d a ta  o f those days w hen the  subjects were n o t well rested  
I have om itted , as we know  th a t th e  fatigue of an  ascen t m akes itself felt 
even on  th e  day  following.
T h e  observations m ade in  th e  m orn ing  are  th e  m ost re liab le  ; in the 
a fte rnoon  we m ade the  subjects rem ain  for ten  m inutes in  a horizontal 
position  before we exam ined them .
T A B L E  I.
Rate of Pulse and Breathing, and the Rectal T em perature in the state of repose a t various
altitudes.
Corporal E u g e n i o  C a m o z z i  (H eight, 1 7 0  m .;  weight, 65-600 k.).
A l t i t v d e M o n th .
5
2 0
2 0
2 1  
2 1  
2 6  
2 6  
2 9  
2 9  
h
11
1 2
1 2
1 3  
13
T im e . P u ls e .
1
R e c ta l
T e m p e r a tu r e .
T e m p e r a tu r e  
o f  t h e  A ir.
R e m a r k s .
T urin , 2 7 6  
m .
June
J u l y
A.M.
5 1 5
6 . 0
5 . 0
5 . 0
8 . 0
8 . 0
8 . 0
P.M.
3-45
3-30
3-0
3-0
3-30
3-30
3-30
A.M.
5 6
6 6
6 0
58
6 2
6 2
4 8
P.M.
8 0
78
67 
7 0
6 8  
74
A.M.
2 0
1 9
1 6
1 7
l 6
l 6
2 1
P.M.
24
25 
23 
2 0  
2 0  
l 8
A.M.
37 0 
36 -6°
3 6 - 5 °
3 6 5 0
37°
36 ' 6°
36 -50
P.M.
37 ' 7°
37 ' 3°
37 - i °
37 ' 2°
37°
37-6°
37 ' 5°
A.M.
2 0 °
2 0 °
2 5 °
1 8 °
2 1 °
2 5 0
2 5 °
P.M.
2 6 °
2 6 °
2 9 0
2 4 °
2 5 °
2 7 0
P u l s e  s l ig h t l y  
i r r e g u l a r
P u ls e  s l ig h t ly  
i r r e g u l a r
P u ls e  r a t h e r  
i r r e g u l a r
Grcssoney, 
1 , 6 2 7  m .
2 0
2 0
2 1
2 1
2 2
2 2
2 3
2 3
2 4  
2 4
7 . 0
5-30
5 -3°
5 -3°
5 -3°
5-0
5 . 0
5 . 0
5 . 0  
5-0
6 2
6 1
56
56
54
8 2
77
6 8
72
7 2
17
1 6
1 3
1 3
1 4
l 8
I S
M
IS
1 2
36 -6°
3 6 - 6 5 °
3 6 - 4 °
3 6 - 3 °
37 ' 5° 
37 ‘3°
37 ' 2°
37 -2°
37 -2°
7 -8°
6 - 9 °
8 i °
9 - 8 °
i 3- 5°
1 8 °
1 6 - 3 °
1 7 - 7 °  
2 2 °
P u ls e  r a t h e r  
i r r e g u l a r
Indra Camp
2 , 5 1 5  m. "
2 6
2 7
2 7
2 8
2 8
2 9
2 9
3 0
5 . 0
8 . 0  
5-0
5 . 0
5 . 0
5 . 0  
6 . 3 0
5 . 0
6 1
6 6
59
6 0
76
74
8 0
9 0
1 2
,0
10
1 2
1 0  
1 2
11 
15
3 6 - 3 °
37°
36 -5°
3 6 - 6 °
3 6 - 8 °
37 - i °  
3 7 - 6 °  
37 -6°
0 °
1 3 ° *
7°
7°
1 1 °
8°
1 0 * 5 °
1 4 0
* T h e  te m p e r a ­
t u r e  o f  t h e  a i r  w a s  
m e a s u r e d  in  t h e  
t e n t  w h e r e  t h e  so l­
d i e r s  s l e p t .  T h i s  
e x p la in s  w h y  
s o m e t im e s  t h e  
m o r n i n g  te m p e r a ­
t u r e  is  h i g h e r  th a n  
t h a t  o f  t h e  a f te r -
Linty H u t 
Camp, 
3 , 0 4 7  m.
August 1
2
3
4
4
5
6
1 7 - °  
5 -3°
6 . 3 0
6 . 3 0
6 . 3 0
7 . 3 0
5 . 0
78
76
6 8
7 0
94
76
8 6
14
15
'5
17
17
1 6
2 0
3 6 - 8 °
3 6 - 8 °
37°37.,°
37°
37 "5°
37°
9°
1 4 °
8 °
8 °
Regina 
M arghe­
rita H ut, 
4 ,5 6 0 1 1 1 .
»
15
16
16
1 ;
7 . 0
8 . 0
5 . 0
6 . 0
8 8
8 4
too
9 8
1 0
IC
12
9
I
I 36-9° 
1 37°
37°
37 -2°
P u ls e  s l ig h t ly  
j i r r e g u la r
Gressoney, 
1 , 6 2 7  1»
- 2 3 7 . 0 65 1 0 3 6 9 °
R ate ot Pulse and Breathing, and the Rectal Tem perature in the state o f repose a t various
altitudes.
A lbin o  S a r t e u r  (soldier) (H eight, 1 7 3  m. ; w eight, 64*800 k.).
A l t i t u d e . M o n th .
c
T im e . P u ls e .
u
R e c ta l
T e m p e r a tu r e .
T e m p e r a tu r e  
o f  t h e  A ir.
R e m a r k s .
T urin , 2 7 6  
m .
J u n e
4
2 6  
2 6  
2 9  
2 9  
11 
11 
1 2
12
1 3  
13
5  0  
5  0  
7  0
5 . 0
8 . 0
P.M.
3-0
3 0
3-0 
3 0  
3-30
54 
52 
56
55
51
6 8
7 2
72
57
6 2
A M :
1 3
I I
1 0
1 0
8
M I.
12
1 3
I S
I ?
1 4
3 6  T  
35 ' 8° 
3 6 - 1 °  
3 6 - 2 °  
35 8 “
P.M.
3 6 - 9 °
3 6 - 9 °
3 7 .  jo
3 6 - 8 “
37 - 1°
2 5 °
1 8 °
2 1 °
2 2 °
2 1 °
P.M.
29°
24°
2 6 °
2 6 °
2 6 °
Gressoney, 
1 , 6 2 7  m -
2 0
2 0
2 1
2 1
2 2
2 2
2 3
2 3
2 4  
2 4
7 . 0
5- 3°
5-30
5 ' 3°
5- 3°
5 -3°
5 . 0  
5-0
5 . 0
5 . 0
5 0
5 0
56
6 7
5 2
6 2
6 8
6 2
6 8
58
9
1 0
1 2
■4
12
I I
17
M
1 3
1 4
35 "9°
36°
36°
3 6 - 5 °
3 6 - 1 °
3 6 - 6 °  
37 ’2 °  
3 6 - 9 ° ,  
37 ' 3° 
37 "3°
7 - 8 °
6 ' 9°
S - i °
9 - 8 °
I 3 ' 5°l 
1 8 °  1
1 6 -1 3 °
1 7 - 7 °  
2 2 °
P u ls e  s l ig h t ly  
i r r e g u la r .
Ind ra  Camp 
2 , 5 1 5  m .
»
2 6
2 6
2 7
2 7
2 8
2 8
2 9
2 9
5- 3°
5 . 0
8 . 0  
5-0
5 . 0
5 . 0  
6 . 3 0
5 . 0
59 
56 
56
6 0
6 4
56
6 8
6 2
I I
1 0
IO
1 5  
1 2
1 6
I S
3 6 '5°
3 6 - 3 °
36 -5°
3 6 - 2 °
3 6 7 “
3 6 - 8 »
37 ' i °
3 6 - 8 °
0 °
1 3 °*
7°
1 1 °
8 °
i o ’5 °
1 4 0
* T h e  t e m p e r a ­
tu r e  o f  t h e  a i r  w a s  
t a k e n  i n  t h e  t e n t  
w h e r e  t h e  s o ld ie r s  
s le p t .  T h i s  e x ­
p l a in s  w h y  s o m e ­
t im e s  t h e  m o r n in g  
t e m p e r a t u r e  i s  
h ig h e r  t h a n  t h a t  
o f  t h e  a f te r n o o n .
L inty H u t  
Camp, 
3 , 0 4 7  111.
August 3
3
4
i 4
6 . 3 0
6 . 3 0
5 . 0
5 2
54
6 3
12
1 0
1 2
3 6 - 5 °
36 -5°
3 6 -5 °
2 - 5 °
8»
5 *6°
G n i f e t t i  
H u t ,  
3 , 6 2 0  i h .
I
»
”
>>
;
1-
1
6 . 1 5
6 . 4 5
1
I
6 . 0
66 
: 7C
6 6
l i e
! 8
I
I I
I
37 ' 3°  
37 '4°
3 6 .9 °
i °
13°
5 °
Regina 
M arghe­
rita H u t ,  
4 , 5 6 0  111.
",
I I 
12
15
1 6  
l 6
4 7
6 . 0
7 . 0
5 . 0
4-45
5 . 0
6 . 0
7 6
74
67
74
8 0
78
10
9
8
I I
I 8
3 6 -s» 
3 6 - 9 °
36 -8°
3 7 .  jO
3 6 - 8 »
37.,«
6 °
7°
7°
i i °
* A r r iv a l  in  th e  
m o r n i n g  f r o m  
L in ty  C a m p .
G ressoney, 
1 , 6 2 7  m . I -
1
2 3 7 . 0
'
6 3 ! 9 3 6 -6 °
T A B L E  I I I .
R ate o f Pulse and Breathing, and the Rectal Tem perature in the state of repose a t various
altitudes.
S a n t in o  M a r ta  (soldier) (H eight, 172  m. ; weight, 71 U.).
A l t i t u d e . M o n th .
D
at
e.
 
!
T im e . P u ls e .
£_c
3
R e c ta l
T e m p e r a tu r e .
T e m p e r a tu r e  
o f  t h e  A ir.
A.M. I P.M. A.M. P.M. A.M. P.M. A.M. P.M. A.M. P  M
T u r i n ,  2 7 6 J u n e 2 0 5-15 54 l 6 37 - i ° 2 0 °
m . , , 2 0 3-45 74 I 8 37 -4" 2 6 “
, , 2 6 5 0 54 1 4 3 6 - 8 ° 2 6 °
, , 2 6 3- 3° 6 2 i S 37° 290 1
, , 2 9 5 . 0 52 IS 36 -4° ! 1 8 °
, , 29 3 -3° 7 0 2 0 37 '4°; 24°
J u l y 1 I 8 . 0 52 l 8 3 6 7 “ 2 0 °
, , I I I 3-0 54 l 8 36 '9°j 2 5 °  !
, , 12 8 . 0  1 47 iS 3 6 - 8 0 2 5 - 5 ° !
” 12 3 . 0 56 2 0 37 *4°
2 7 °
, , Id 8 . 0 58 1 9 3 6 - 7 “ 2 5 0
” Id 3->5 37 7 ° 2 6 °  i
Hem arks.
Gressoney, 2 0 7 .O 6 6 1 9 I 3 -50
1 , 6 2 7  111. , , 2 0 5 . 0 7 0 2 1 37 ' 2°
, , 21 5-30 54
6 9
1 7 3 6 - 5 ° 7 - 8 ° 1 8 °
, , 21 5 . 0 23 37 -3"
, , 2 2 5-30 54 ■9 3 6 - 9 0 6 - 9 ° 1 6 -3 0
>> 2 2 5 . 0 6 8 1 9 37 ' i °
2 3 5-30 57 1 6 3 6 - 6 0 8 - i = 1 7 - 7 °
, , 2 3 5 . 0 8 4 25 3 8 - 1 °
, , 2 4 5- 3° 5 0 17 3 6 - 6 “ 9 - 8 ” 2 2 °
” 2 4
5 . 0 6 8 l 8 37 -4°
IndraC am p 2 7 5 . 0 54 15 3 6 - 8 0
2 , 5 1 5  111. , , 2 7 5-0 7 6 2 2 37 -4° S ° * T h e  t e m p e r a ­
2 8 6 . 0 6 2 2 0 3 6 9 0 1 3 ° * t u r e  o f  t h e  a i r  in
, , 2 8 5 . 0 S i 24 37 -6“ 1 0 - 5 ° t h e  m o r n in g  w a s  m e a s u r e d  in  t h e
>> 2 9 5 . 0 52 1 4 3 6 - 8 ° ■ 7° t e n t  b e f o r e  t h e
2 9 5 . 0 6 2 2 6 37 -4" 1 4 “ s o ld ie r s  g o t  u p .
3° 5-0 58 1 8 3 6 - 7 °
L inty H ut Aug. 2 5- 3° 57 15 3 6 - 6 0 9°
Camp, , , 3 6 . 3 0 6 0 1 7 3 6 - 9 ° 14 0
3,°47  m . , , 4 6 . 3 0 6 3 1 6 37° 8 °
” 4 5 . 0 7 0
2 2 37 ' 5° 2 0 °
Gnifetti 6 7 - 3 ° 6 4 1 8 3 6 - 5 0 -
H ut, i ! 7 6 - 1 5 6 8 1 6 3 6 7 0
3 , 6 2 0  111. 8 6 . 0 72 2 1 37 ‘3° 1 3 0
9! 6-45 6 2 2 0 36 -8= 1 2 - 2 °
Regina 11 4-45 8 2 2 1 37 -3° I I - 5 0
M arghe­ , , 12 6 . 0 6 4 1 6 36 -8” 6 - 4 "
rita H ut, 13 6 . 2 0 6 0 1 8 3 6 - 8 " 4“
4 , 5 6 0  111. , , I S 6 . 0 76 2 1 3 6 - 8 " 7°
” l 8 5 -3° 3 6 - 9 ° 1 .
Gressoney, .I I2 3 7 . 0 52 ,5 36 -6°
1 ,6 2 7  111.
T A B L E  IV .
Rate of Pulse and Breathing, and the Rectal T em perature in the state o f repose a t various
altitudes.
Corporal F e l i c e  J a c h i n i  (H eigh t, 175  m. ; weight 7 2 100  k.).
Altitude. Month.
1
.
II
11
12 
12 
IS 
13
Time. Pulse.
2
Rectal
Temperature.
Temperature 
of the Air. Remarks.
Turin, 276  
m.
July
A.M.
8 .0
8 .0
8 .0
P.M.
3-0
3-°
3-°
A.M.
58
54
52
P.M.
62
56
6 7|
A.M.
l6
l6
19
P.M.
l8
I9 i
l8
I
A.M.
36-8» 
36-8“ 
36'8°
P.M. 1
37 -1°
37°
36-90
21°
22°
, " 5"
P.M.
20°
2 6 7 °
26-3°|
Gressoney, 
1,627 m.
”
u
20
21
21
22
22
23
23
24 
24
7 .0
5 30
5-3°  
5-3°  
5 3°
5-3°
5.0
5 .0
5- °
5 .0
60 
52 
5°  
- 66
47
59
64
57
56
62
I 6  ( 
1 -8  
‘ 7,
; 20
14;
1 21
14! i 
I 17 
l 6 .
I ' 7
36-4°
36-5°
36-5°
36-4°
37-i°
37‘5°
36 7 0
37°
37 ' i°
7 -8° 
6-9°
8 -t°
9-8“
I3 -50
iS“
16-3”
17-90
22°
The tempera­
ture of the air 
was taken in the 
morning in the 
tent or in the huts 
where we slept.
IndraC am p  
2 ,515  m. ”
I
!27
27
I29
29
i3°
5 .0  
I 5 .0  
: 5-3°
5 .0
5 .0
56
88H
16
15
>5
H
l8
36-3°
36-6°
3 6 7 °
36-9»
37"3°
8”
7°
I40
9°
L inty  H ut 
Camp, 
3.047 m.
A u g . 2,i 5-3°  
3! 6 .3 0  
4  6 .30  
4
6 7 .30
5.0
1 5°  i  56 
54
60
72.
14
"S
14
14
17
36-5°
3 6 7 °
3 6 7 “
3 6 7 °
37' i°
9°
14“
S0
5 -6°
G n i f e t t i  
H u t ,  
3 ,620  in . ”
8
9 ! 6 .45
6 .0
60
86
1 14
9
; 3 6 7 0
37'4° 112 12° 13°
R e g i n a  
M a r g h e ­
r i t a  H u t ,  
4 ,5 6 0  m.
!
! "S 
-  j 'SI'8
6 .2 0
6 .0
5-3°
I
7°;
58
59
, 1
17
20
17
36-6=
36-8°
36-80
. 4°
7°
too
G r e s s o n e y ,  
1,627 m -
1!
„  ! 23
11
' 7-°1 67 16 370
T A B L E  V.
Rate of Pulse and Breathing, and  the Rectal T em perature in the state o f repose of various
altitudes.
G erm a no  So l f e r in o  (soldier) (H eight, 171 m. ; weight, 63 900 k.).
Altitude. Month.
5
26
26
29
29 
11 
11 
12
12
13
14 
14
Time. Pulse.
Br
ea
th
in
g.
Rectal
Temperature.
Temperature 
of the Air. Remarks.
Turin, 276  
m.
June
July
A.M.
5.0  
5-0
8 .0
8 .0
8 .0
5 .0
P.M.
3-0
3-0
3-0
3-0
5-0
A.M.
50
46
54
48
48
46
P.M.
57
58 
66 
64
67
A.M.
IS
"S
17
15
16
18
P.M.
20
20
17
20
23
A.M.
36-6=
36‘30
3 6 7 °
36-8»
36-6= 
36 "2°
P.M.
37‘2°
37- 1°
37"2°
37-2°
37'4°
A.M.
26°
18°
21°
22°
21°
21°
P.M.
31°
240
26°
26°
250
Pulse slightly 
irregular.
Gressoney, 
1,627 m.
1
20 7 .0
20
21; 5-30
21
22 5-3°  
22
23: 5-3°
23I
24 5-3°
1
5.0
5 .0
5.0
5.0
5.0
48
46
48
4 S
50
67
66
60
58
64
15
16
■7
17
16
24
23
22
19
IS
36-2°
36-30
36-40
36-4°
36-90
37-3° 
37-4° 
37‘4° 
37'5°
7-8° 
6-9°
8 -i°
9-8°
I3 '5°
18°
16-3°
17-90 
22°
The tempera­
ture of the air was 
taken in the morn- 
in the tent or in 
the huts where 
the soldiers slept.
Ind ra  Camp 
2 ,5 1 5 m.
h i
1 ,26
26
27
28
28
29
29
3°
5 -3=
5-0
8 .0
5 0
5.30
5.0
6 .3 0
5.0
S'
54
49
53
52
58
70
56
14
17
18 
16
15
19
22
21
36-2°
36-6°
36-50
36-30
36-6=
36-70
37'5°
37'2°
8“
13°
7°
7°
11°
10*5°
140
Pulse irregular.
L inty  H u t 
Camp, 
3,047 m.
August 2
3
4
4
5
6
5 -3°
6 .30
6 .30
7-30
5.0
6 .3 0
52
54
52
46
76
78
18
20
16
16
22
20
36-2°
36-40
36-6“
36-60
37' i °
37-5°
9°
14“
8=
Regina  
M arghe­
rita H ut, 
4 ,5 6 0  111.
I
1 ” *
1
11
12 
I? 
18
1
!
6 .0
7 .0  
9 -3°
4-45
90
90
100
76
18
21
22
21
36-6°
3 6 9 0
1
36-90
6 -4°
IO °
11 *5°
* Arrival at the hut 
four hours earlier 
carrying a load of 
20 kilograms.
Pulse small ; al­
most imperceptible.
G ressoney,
1,627
! .. ;*3 ! 7 .0 52 17
■
36-60
!
T w o clear facts result from  these observations, nam ely, th a t in  all o f us 
th e  pulse becam e m ore frequent a t a  greater a ltitude, an d  th a t the  tem peratu re  
o f  the  body  was som ew hat h igher on M onte R o sa  th an  in th e  plain. I n  the 
R egina M argherita  H u t th e  m inim um  rectal tem pera tu re  observed in  T u rin  
d id  no t reappear. T h is  proves th a t th e  organism  even in robust individuals 
is slightly d is tu rbed  a t th a t heigh t an d  th a t th e  chem ical consum ption  in 
repose m ust be ra th e r greater a t th e  a ltitu d e  of 4 ,560 m etres.
Jaccoud , M erm od , A rm ieux, V acher, M ercier an d  o thers have already 
found  th a t d u ring  a so journ  a t h igher levels th e  pulsations o f th e  heart 
increase considerab ly  in  rapidity . V acher, for instance, says th a t a t an 
a ltitude  of 1,650 m etres h is pulse beat 78 tim es in  th e  m inu te  instead  of 69 
tim es as usual.
Som e even speak of an  altiiude-fever, so considerable was the  increased  
rap id ity  o f th e  pulse observed a t heights n o t surpassing 2,000 m etres. From  
our observations as a w hole it appears th a t in com plete  repose the increase in 
th e  ra te  o f th e  pulse is less a t the a ltitude  o f 4 ,560 m etres th an  w ould have 
been  supposed, judg ing  from  the  results o f stud ies m ade a t lower levels.
T h e  frequency o f th e  respiratory  m ovem ents on th e  sum m it o f M onte 
R osa is little  different from w hat it is in th e  plain. As, however, th e  num ber 
o f insp irations is no t sufficient to  give an  idea  o f th e  respiratory  activity, I 
s tud ied  th e  m odification o f th e  average insp iration  on th e  m oun ta ins and  in 
th e  p lain  by m eans o f th e  gas-m eter an d  gu ttapercha  m ask already m entioned.
T h e  m ethod  ad o p ted  has been  already  described  on page 38. I  have 
p laced th e  tables o f these observations a t the en d  of th e  volum e so as n o t to  
in te rru p t the  text by too great an accum ulation  o f figures. F rom  these tables 
we see th a t in  th e  w aking condition  a t an  a ltitude  o f 4 ,560 m etres th e  volum e 
o f a ir insp ired  in  h a lf  an  hou r is increased  in  som e and  d im in ished  in  others, 
b u t these variations a re  sm all considering th e  heigh t a t w hich th e  observations 
w ere m ade.
V II .
T h e  first sym ptom s p roduced  by th e  rarefaction  o f th e  a ir a re  no t 
iden tica l w ith those of asphyxia. In  the  la tte r in stance  th e  pulse grows 
slower, in th e  form er, quicker. T h e re  are  two system s o f nerves regulating 
th e  ac tion  of th e  hea rt w hich m ay be  com pared, th e  one to  th e  reins w hich 
check  m ovem ent, th e  o ther to  th e  spurs w hich incite  to  g reater m ovem ent. 
T h e  two vagus nerves ac t as the  reins w hich restra in  an d  even a rrest the 
m ovem ents o f th e  heart, th e  accelerator nerves w hen stim ulated  increase the 
frequency o f th e  card iac pulsations. I t  was an  im portan t question  to de te r­
m ine w hether, a t g rea t heights, th e  reins o f the heart are slackened  ow ing to 
a  paralysis o f the ir nervous centre, o r w hether, on  th e  contrary, th e  greater 
frequency o f th e  pulse is due to  the stim ulation  o f the  accelera to r centres by 
th e  rarefied air.
T h e re  was no  o ther m eans of decid ing  th is p o in t than  by experim ents on 
anim als, for th e  sym ptom s of m ountain-sickness resem ble th e  phenom ena 
w hich appear in dogs w hen th e  inh ib ito ry  nerves o f the heart have been 
severed, th a t is, vom iting, excessive palp ita tion  of th e  heart, and  d im in ished  
respirato ry  frequency. I therefore pu t these inh ib ito ry  nerves ou t o f action, 
as in  th e  following experim ent.
T h e  hea rt o f a  norm al dog beats on  an  average 88 tim es per m inute. 
W hen th e  an im al is p laced  in  th e  pneum atic  cham ber w ith the experim enter 
a n d  th e  rarefaction of th e  a ir is carried  to  42 cen tim etres (a p ressure corres-
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pond ing  to  an a ltitude  of 4,723 m etres) its heart is found to  bea t 114 tim es 
in  the  m inute.
A fter th e  section  of the vagus nerves th e  pulse becom es tw ice as rapid  
a n d  th e  ra te  o f b rea th ing  sinks from  th e  norm al num ber o f 16 to  10 
m ovem ents per m inute. I f  the an im al is now again p laced  in  the  pneum atic  
cham ber an d  the  sam e degree of rarefaction  (corresponding  to  an a ltitude  o f 
4,723 m etres) effected, th e  rate  o f th e  card iac pu lsations is no longer influ­
enced  by th e  d im in ished  barom etric  pressure. T h e  an im al is, however, no t 
so well as before, it is restless an d  gasps as though  for air, a lthough  th e  
barom eter m arks 42 cen tim etres as before. W ith  the  cessation  o f th e  rare­
faction  th e  dog’s cond ition  im m ediately  im proves an d  he  b rea thes quietly.
T h e  facts com m unicated  in th e  preced ing  chap te rs have show n th a t in  
m ountain-sickness there  is a  depression o f th e  nerve-centres w hich have their 
seat in  the  m edulla  oblongata. T h e  increased  frequency o f the  pulse a t a 
h e igh t o f 4 ,560 m etres is a  constan t phenom enon  w hich I  can  only explain 
as an  effect o f an  incip ien t paralysis o f th e  vagus nerve. In  th e  soldier, 
Solferino, for instance, even after a  w eek’s repose a t R egina M argherita  H u t, 
th e  h ea rt still perform ed doub le  th e  usual num ber o f con trac tions per m inute.
T h e  following is a  sum m ary of th e  facts w hich ten d  to  prove th a t neurosis 
o f th e  vagus m ust be considered  as a  factor in m ountain-sickness.
W e have seen th a t on M onte  R osa an  in terval appears betw een one 
resp iration  and  th e  nex t w hich was never observed in th e  plain, a n d  th a t the 
respiratory  type is altered , th e  in sp iration  being  longer and  th e  expiration 
m ore rap id  even in  th e  w aking condition . F urther, vom iting  an d  difficulty 
in deglu tition  w ere observed. (T hese  are phenom ena characteristic  o f paralysis 
of th e  vagus.) T h e  sudden  fatigue too, w hich m anifests itself in  dogs in 
w hich the vagus nerves have been  severed, w hen they  try to  run , is yet one 
m ore p o in t o f resem blance w ith the phenom ena observed in m ountain- 
sickness.
V I I I .
I n  C hap ter IV . I  have already m en tioned  th a t th e  p ressure o f th e  b lood 
in  R egina M argherita  H u t was in  us little  different from  w hat it was in  T urin . 
A s the heigh t o f 4 ,560 m etres seem ed to  m e insufficient for m y investigations, 
I perform ed o th e r experim ents in  th e  pneum atic  cham ber on anim als to 
w hich a  dose of m orphia, ch loral o r chloralose, was adm in istered  to  p re v e n t 
the ir feeling or moving, a m anom eter then  being p u t in to  com m unication  
w ith th e  caro tid  artery. I n  all these experim ents I  found  th a t th e  p ressure 
of the b lood  was n o t a lte red  by a rarefaction  o f th e  air co rresponding  to an 
a ltitude  o f from  6,500 to  7,000 m etres. O nly the  pulse becam e m ore rap id  
an d  th e  b rea th ing  deeper an d  accelerated . I t  is unnecessary  therefore to 
in troduce  the  curves ob tained.
H e re  again is a  fundam ental difference betw een asphyxia and  m ountain- 
sickness ; for in asphyxia th e  increased pressure o f the b lood  w hen the respira­
tion  becom es inadequa te  is a  constan t an d  characteristic  phenom enon. T h is  
difference m ay be  explained in two ways ; e ither th e  changes w hich take place 
in th e  b lood  w hen the air is rarefied are  different from  those p roduced  in 
asphyxia (on th e  m ountains, indeed, carbonic  acid  does n o t accum ulate  in 
th e  b lood), o r th e  nervous cen tre  o f th e  blood-vessels becom es less active.
H ü fn e r’s investigations 1 on th e  b lood have show n th a t we m ust n o t seek 
th e  cause of m ountain-sickness in  the  physical cond itions o f th e  blood,
D u Bois-Reymond’s Archiv f  Physiologie, 1890.
because th is fluid only begins to  a lte r a t th e  barom etric  p ressure o f 238 
m illim etres. T h ere  is, therefore, no  m oun tain  on earth  so high as to  inspire 
th e  fear th a t shou ld  m an  reach  its sum m it the  hæ m oglobin  of th e  b lood  will 
no longer be ab le  to  ex tract from  th e  air the am oun t o f oxygen w hich it is 
capab le  o f absorbing.
T h a t the  cause of m oun tain-sickness is no t in  th e  b lood is further 
confirm ed by the im portan t fact th a t after an  ab u n d an t hem orrhage the 
effects o f barom etric  depression  are no t aggravated. T h is  I  have repeatedly  
proved by experim ent. If, for instance, we study  a  dog  u nder the  pneum atic  
bell a t a  p ressure o f 32 cen tim etres (w hich corresponds to an  a ltitude  of 
6,888 m etres), then  take  h im  ou t an d  draw  off one-th ird  o f his b lood, we 
shall find on  replacing th e  an im al u n d er th e  bell, th e  a ir then  being  rarefied 
to  the  sam e degree as before, th a t there  is no difference in  th e  rate an d  dep th  
of the b reath ing
T h a t part o f th e  nervous system  w hich m anifests th e  g rea test susceptib ility  
to  barom etric  depression is also th a t w hich undergoes the  m ost rap id  m odifi­
cation  in  its resistance to  deficiency of oxygen. Before h is b ir th  m an  shows 
an  extraord inary  resistance to  asphyxia as is proved  by th e  fact tha t the 
C æ sarean section  has often been perform ed w ith success after the dea th  of 
th e  m other. Paul B ert stud ied  in m ice th e  rap id  d im inu tion  of their pow er 
o f resistance to  asphyxia after b irth . A  m ouse ju s t bo rn  m ay rem ain  h a lf  an 
hou r w ithout b reath ing  an d  yet survive ; a  week la te r it resists a t th e  m ost 
only fifteen m inutes, an d  after two weeks it succum bs after scarcely four 
m inutes.
T h ese  changes w hich certain ly  take p lace in  th e  nervous system  w ithout 
there  being any sensib le change in  th e  com position  an d  quan tity  o f th e  blood, 
explain why it is useless to  seek in  th e  b lood  th e  cause o f th e  rap id  accli­
m atisation  to  rarefied a ir o r o f th e  ind iv idual differences so m arked  in  
m ountain-sickness. T h e  nervous system  is the seat o f th e  evil, for in  no 
o ther tissue are  adap ta tions so rap id  as in the  nerve-cells, in  no  o th er are 
there such profound differences betw een organism s.
T h e  facility w ith w hich the organism  ad ap ts  itself to  g reat a ltitudes 
appeared  in the successive d im inu tion  o f th e  ra te  o f the  pulse du ring  our 
so journ  a t R egina M argherita  H u t. O n  th e  second  day m y pulse beat a t the  
rate  o f 93 per m inute , w hereas during  th e  last days I had  a  m inim um  fre­
quency o f 54 beats per m inute , a  ra te  w hich I h ad  seldom  observed in  T urin . 
T h e  following figures taken  from th e  tables in w hich is registered  th e  d im inu ­
tion o f the pulse on successive days a t  an  a ltitu d e  o f 4 ,560 m etres, clearly 
show th e  influence o f acclim atisation  :—
M arta, 82, 64, 60. Jachin i, 7° i 58.
Sarteur, 76, 74, 67. Camozzi, 88, 84.
IX .
O n M onte R osa, a t an  a ltitude  o f 4,560 m etres, th e  average a tm ospheric  
pressure is 423 m illim etres. T h e  rarefaction of th e  a ir is thus ra th e r less 
than  one-half. I f  we had  no t in th e  low lands th e  resp iration  o f luxury, we 
should  be obliged to  inhale  a lm ost doub le  th e  usual volum e o f a ir at 
an a ltitu d e  o f 4 ,560 m etres in o rder to  supply th e  lungs w ith th e  sam e 
quan tity  o f oxygen. T h is  does no t take  place, how ever ; in  fact, con trary  to 
all expectation, th e  so ld ier Solferino b rea thed  in less a ir in R eg ina  M argherita
H u t th an  below  a t G ressoney. T h e  nu m b er o f his insp irations increased 
from ten  to  fourteen, as m ay be seen by T ab le  IX . a t th e  en d  o f th e  volum e, 
bu t th e  d ep th  of th e  respiratory  m ovem ents decreased  ; in stead  o f b reath ing  
in  6 ’4 i  litres per m inute, he only drew  in 5*54 litres, in  sp ite o f th e  d im in ished  
density  o f th e  air. I n  th is fact we recognise th e  functional a lteration  o f the 
respiratory  nervous centre, which, affected by the  lack o f oxygen, accelerates 
the m ovem ents o f the  b rea th ing  w ithout succeeding, however, in m aking up 
for th e  deficiency, as it is unab le  to effect deeper inspirations.
In  my b ro th er (see T ab le  I I I . )  and  in C orporal Camozzi (T ab le  V .), the  
ra te  and  dep th  of the insp irations increased. T h e  n u m b er o f litres o f air 
inhaled  by m y b ro th er a t G ressoney stands to  th e  num ber in sp ired  a t an  
a ltitu d e  o f 4 ,5 6 0  m etres in  the  p roportion  o f 1 : V 2 4  In  C orporal Camozzi 
th is p roportion  was 1 : i"02. B etw een T u rin  an d  G ressoney I  d id  no t find 
an  appreciab le  difference, a lthough  the  difference in  level is 1,351 m etres.
B eno  Bizzozero (T ab le  IV .) in troduced  a  g reater quan tity  o f a ir in to  his 
lungs on the  m oun ta ins than  in the plain, th e  ra te  o f th e  inspirations being 
increased, the ir dep th  dim inished, bu t th e  litres o f a ir inhaled  on th e  sum m it 
o f M onte R osa stood  to the am oun t b rea thed  in  a t G ressoney, only in the 
p roportion  of 1 : r o 5 .
In  the sold ier Sarteur (T ab le  V I.)  th e  rate o f b rea th ing  rem ained constant, 
while th e  dep th  was augm ented  ; b u t the  increase in  th e  am oun t o f air 
in sp ired  was small, the com parison o f the num ber of litres b rea thed  in in one 
m inu te  a t G ressoney, an d  of th e  num ber inhaled  a t an  a ltitude  o f 4,560 m etres, 
giving th e  p ropo rtion  1 : 103 .
T h e  soldiers C ham ois and  O berhoffer (T ab les V II . and  V II I .) ,  who bo th  
cam e straigh t from  Iv rea  to  R eg ina  M argherita  H u t w ithout stopping  a t the 
in te rm ed ia te  stations to  acclim atise them selves, p resen ted  th e  curious phe­
nom enon  of a  d im inu tion  in the  ra te  o f breath ing, b u t o f an  augm entation  of 
th e  average insp iration , so th a t th e  p roportion  betw een th e  litres o f a ir inspired  
in  T u rin , an d  a t an  a ltitude  o f 4 ,560 m etres, is 1 : V 1 5  in  Cham ois, and  1 : f o 3  
in  O berhoffer.
I f  we take th e  average of the  augm enta tions observed  in  th e  volum e of 
a ir insp ired  by six o f these  persons a t th e  a ltitude  o f 4 ,560 m etres, we find 
th a t th e  n u m b er o f litres o f  air in sp ired  every m inu te  in th e  p lain  stands to 
th e  nu m b er o f litres b rea thed  in on th e  sum m it o f M onte  R osa in  the 
p roportion  of 1 : V 1 7 . W e are therefore far from  th e  p roportion  o f 1 : r S o  
w hich shou ld  be found, d id  th e  volum e of insp ired  air increase proportionately  
to th e  rarefaction  o f th e  air.
T h e  m odifications m anifest in  th e  ra te  an d  dep th  o f th e  b rea th ing  a t a  
heigh t o f 4,560 m etres do n o t obey a  constan t law, an d  all possible com bina­
tions w ere observed by us, nam ely, augm enta tion  o f th e  ra te  an d  dep th  of 
the  inspirations ; d im inu tion  of the  ra te  an d  augm enta tion  of th e  dep th  ; 
augm entation  o f th e  ra te  an d  d im inu tion  o f th e  d ep th  ; finally as we have 
seen in th e  tracings on pp. 33 an d  34, the re  m ay be a d im inution  o f  bo th  
rate and  depth .
Som e figures o f these tables do no t correspond  exactly to th e  d a ta  o f the 
preced ing  tables ; th is d iscrepancy is explained by th e  circum stances, th a t in 
b reath ing  th rough  th e  m eter a slight resistance had  to  be overcom e by the 
inspiration , and  th a t th e  w earing of th e  m ask and  th e  sub jec t’s consciousness 
o f being observed slightly m odified th e  b reath ing. T o  dim inish  th e  errors 
resulting  from  these circum stances, we used  to  w ait a  q uarte r o f an  hou r after 
th e  resp iration  th rough  th e  valves was estab lished  before beginning the
experim ent. In  spite o f the  above inconvenience, w hich can  never be  qu ite  
elim inated , th e  observations m ade by my b ro ther (see T ab le  I I I .  a t th e  end  
o f the  book) form, together w ith  th e  observations w hich have ju s t been 
discussed, th e  m ost reliab le  m aterial w hich we as yet possess relative to  the 
study of resp iration  a t g reat altitudes.
T h e  recen t investigations of L. Z u n tz 1 (conducted  in th e  R egina 
M argherita  H u t), in w hich a m ethod  som ew hat different to  m ine was 
followed, suggest the  d o u b t th a t th e  sub jec t was still in  a  fatigued condition , 
because, if we com pare the  am o u n t o f  a ir in sp ired  per m inu te  a t th e  ordinary  
atm ospheric  pressure (4^93 litres) w ith the  am o u n t b rea thed  in per m inu te  in 
the hu t (first 1 3 7 4  litres, an d  in  th e  following experim ent ro '55  litres), we 
find th a t the volum e o f a ir in troduced  in to  th e  lungs was m ore th an  doubled . 
T h e  d iscrepancy betw een this resu lt an d  th e  results w hich I ob ta ined  
experim enting  on persons in  a  sta te  o f repose in R eg ina  M argherita  H u t, is 
too great no t to  ind ica te  th e  p resence o f som e error.
T h ere  are  two ways in  w hich the  ven tila tion  of th e  lungs m ay be rendered  
m ore active an d  the  deficiency o f  oxygen in  rarefied a ir com pensated  for. 
T h e  dep th  o f the  in sp irato ry  m ovem ents m ay be augm en ted  or the insp irations 
may follow one upon  the o th er w ith g rea ter rapidity . O f these two 
com pensatory  m ethods, na tu re  prefers the  second, an d  thus a  sim ilar 
phenom enon  is noticeab le  in  th e  b rea th ing  as in  th e  m ovem ent o f the  legs. 
W hen  we are in a  hu rry  we perform  a g reater nu m b er o f steps in  the  sam e 
space o f tim e, th a t is, we accelerate  th e  rhy thm  o f ou r steps, th e  length  
rem aining ab o u t the sam e. T h e  b rea th ing  on high m ountains follows a  
sim ilar rule. I t  is rarely the  case th a t th e  n u m b er of steps (o f th e  respiratory 
m ovem ents, th a t is) rem ain  the  sam e, w hile th e  length  is increased  as in th e  
soldier S arteur (T ab le  V I.), o r th a t th e  steps d im in ish  in  num ber, bu t 
becom e so m uch longer as to  cover a  g rea ter space as in  th e  so ld iers C ham ois 
(T ab le  V II .)  and  O berhoffer (T ab le  V III .) .
In  general it m ay be  said  th a t th e  nervous system  prefers to  accelerate 
the rhy thm  an d  to repeat a  g reater n u m b er o f tim es th e  sam e m ovem ent to 
the  ex tension o f w hich it is accustom ed. I f  this acceleration  does n o t 
suffice, we execute from tim e to  tim e a  deeper respiratory  m ovem ent, th e  
d istinctive character o f b rea th ing  on  high m oun ta in s being  th a t th e  num ber 
o f the  respiratory  m ovem ents is increased  w ithout any augm en ta tion  o f the  
d ep th  (on  th e  contrary  the  b rea th ing  is som etim es m ore superficial), while 
from tim e to  tim e a b rea th  is draw n w hich is deeper th an  the p reced ing  ones, 
an d  is alm ost like a sigh. I f  th e  need  o f b rea th ing  becom es very u rgen t we 
accelerate  greatly  th e  rhy thm  of th e  m ovem ents, as in running , leng then ing  
them  a t the sam e tim e.
Op. cit. Pfliiger’s Archiv, Bd. 66, p. 517-
T he descent of the party  from M onte Rosa— T he last part ot the G arstelet glacier.
C H A P T E R  X V II
IN F L U E N C E  O F  M O U N T A IN  A IR  O N  T H E  N E R V O U S  SY ST E M — H E A D A C H E — T H E
W IN D
I.
T H E  low er anim als also feel th e  influence o f rarefied air. W hen  we p u t a  dog  u n d er th e  pneum atic  bell, th e  fleas ju m p  ou t from  u n d er its hairs, an d  restlessly seek to escape, a  sign th a t they, too, experience 
d iscom fort from  th e  change o f  pressure.
In  o rder to  gain a fu rth er p roo f o f this, I  experim ented  on glow-worms in 
w hich, owing to  th e ir phosphorescen t light, th e  excitem en t o f th e  nervous 
system  is m ore easily recognised. T h e  phosphorescence of these insects is 
due  to  a  chem ical process like th a t w hich p roduces th e  ligh t em anating  from 
phosphorus, a lthough  very different as to  its ac tua l nature . I  th o u g h t it 
w ould be  an  in teresting  experim ent to  ascerta in  w hether th e  d im inu tion  of 
oxygen in rarefied a ir m odified this v ital phenom enon  o f light.
I  took som e glow-worms, therefore, a n d  p u t them  u nder a  large glass 
bell, in  w hich I  slowly effected a  rarefaction  o f th e  a ir un til th e  pressure was 
reduced  to  th irty  centim etres. I  was aston ished  to  see th a t th e  lum inous­
ness o f these anim als increased  in  p ropo rtion  as th e  oxygen in th e  air 
d im inished. I t  is a  well-known fact th a t th e  light o f the  glow-worm is
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in term itten t. As soon as th e  a ir u n d er th e  bell began to  grow th in n e r these 
in term ittences ceased, th e  w orm s rem ain ing  continuously  lum inous. E ven 
after they had  been  h a lf an  h o u r or an h o u r in this air so rarefied th a t it 
w ould have caused  th e  dea th  o f a  dog  or a  m an, these creatures glowed 
m ore vividly than  even w hen they  light up  our m eadow s a t  pairing  time. 
T h e  colour o f th e  light was less yellow, th e  edge of the segm ents assum ing 
a deeper, redd ish  tint.
A ny one w ho picks up  a  glow-worm on a sum m er n ight will no tice th a t 
only the two segm ents o f th e  posterio r p art o f th e  body are  lum inous. In  
rarefied a ir this lum inous p art leng thens by ab o u t th ree  m illim etres. T h e  
light, as already  m entioned , becom es con tinuous, th e  form er in term ittences 
being replaced by periods o f greater an d  lesser brilliancy.
T h e  opinion h itherto  held  by physiologists was th a t th e  light em anating  
from these an im als was a  vital phenom enon  stand ing  in  close connection  
w ith the oxygen of th e  air. W e now see th a t th is view is incorrect. H av ing  
ascerta ined  th a t th e  lum inous cells o f th e  glow-worm are in d ep en d en t o f the 
su rround ing  air, it will be m ore easy for us to  un d ers tan d  th a t in ourselves, 
too, th e  cells m ay stand  in a  less in tim ate  re lation  to  th e  oxygen of the 
atm osphere  th an  has till now been  thought.
T h e  above experim ent renders m anifest th e  fact, w ithout m aking  any 
fu rther dem ands on our reasoning or im aginative pow ers, th a t th e  cells o f 
th e  lum inous organs have really in  them selves the  substances p roper to  the 
p roduction  of light an d  need  n o t borrow  their energy from  the oxygen of 
th e  atm osphere . I t  is th e  excitem ent o r paralysis o f th e  nervous system  
w hich invigorates an d  stim ulates th e  chem ical processes in  th e  cells from 
w hich light is evolved, an d  th e  lum inousness increases in p ropo rtion  as the 
oxygen dim inishes. T h is  seem ingly paradoxical p h enom enon  is an  ev ident 
p ro o f o f a  fact o f fundam ental im portance  in physiology.
T h e  fire o f life (to  use a  poetical im age, no t in its m etaphorical, bu t 
literal sense) becom es visible in these lum inous organs, an d  th e  chem ical 
energy of th e  cells is transfo rm ed  in to  th e  energy  o f light w ithout the 
im m ediate  partic ipa tion  o f th e  oxygen of the air in th e  work.
II .
H as  th e  d im inu tion  o f  the a tm ospheric  pressure any  influence on the 
m uscles an d  nervous system  o f cold-blooded an im als ?
I p roposed  th is question  to  D r. W. R o sen th a l,1 son o f  J. R osen thal, 
Professor o f Physiology a t E rlangen, w hen he  cam e to  m y in s titu te  for the 
purpose of do ing  som e scientific work. T h e  investigation  was one w hich 
dem anded  no little  technical ability  and  ingenuity , b u t the  scope o f th is 
work obliges m e to  refer the  reader for all particu lars to  th e  original 
m em oir, w hich also con ta ins a  sum m ary of all previous researches on the 
subject.
Dr. R o sen th a l’s experim ents proved  th a t th e  d im inu tion  o f p ressure does 
no t exercise any influence on the m uscles o f th e  frog. T h e  nervous centres 
w hich effect th e  m ovem ent o f the hea rt o f th e  frog a re  n o t suscep tib le  to 
d im in ished  pressure. So far as phenom ena  o f asphyxia are  concerned  there  
is no  difference betw een a frog in a  vacuum  an d  one in a  closed space
'  W erner Rosenthal, La diminution de la pression atmosphérique a-t-elle un effet sur les 
muscles et sur le système nerveux de la grenouille ? Archives italiennes de Biologie, tome
XXV. p .  4 1 $ .
deprived  o f oxygen. T h e  physical an d  chem ical changes w hich m anifest 
them selves in  th e  m uscles an d  nerves during  the ir activ ity  p roceed  indepen ­
den tly  o f barom etric  pressure.
T h ese  results, a lthough  o b ta ined  by experim ents on frogs, a re  o f im port­
ance to  us, because betw een the functions o f th e  low er beings an d  m an there 
are  only differences of quan tity , n o t o f quality. A ll the  properties o f the 
nervous system  observed in  anim als o f sim ple s tructu re  are to  be  m et w ith in 
the  superio r an im als an d  in m an.
T h e  fact th a t th e  m ost strik ing phenom ena  p roduced  in  us by the 
rarefaction  o f th e  a ir on  th e  m ountains, a re  all o f a  nervous nature , is a 
sign th a t th e  cause o f m ountain-sickness m ust be sought in  a d is tu rbance  of 
th e  nu trition  of the  nerve centres a n d  no t in  a sim ple physical effect of 
d im in ished  pressure. W e shall see in  the  sequel th a t th e  g reater th e  
developm ent o f the  nervous system  in an an im al the m ore susceptib le is it 
to  th e  ac tion  of rarefied air. T h e  n u trition  of the  nerve-cells is in  us m ore 
active th an  in  co ld-blooded anim als an d  chem ical processes are  m ore in tense  : 
this is the  exp lanation  o f th e  difference.
I I I .
G enerally  speak ing  we m ay say th a t headache an d  tiredness issue th e  first 
w arning th a t som eth ing  abno rm al has taken  p lace in th e  nervous system . 
M ountain-sickness begins w ith these  sym ptom s. T hey  a re  followed by a 
d is tu rbance  in th e  innervation  o f th e  heart an d  stom ach, w hich p roduce  
palp ita tion , dizziness, nausea, loss o f appetite , an d  vom iting  ; som e tim e la ter 
drow siness m akes itself felt. M any find a resem blance betw een sea-sickness 
an d  m ountain-sickness ; th e  phenom ena  p roduced  by rarefied a ir seem  to  
me, however, m uch m ore com plex an d  varied. T h e  order in w hich the 
phenom ena  m anifest them selves depends on th e  na tu re  of the  individual, and  
on various in trica te  contingencies.
O nly th is positive assertion  m ay be m ade, nam ely, th a t th e  reaction  o f the 
organism  is th e  m ore in tense th e  less th e  energy o f the  nervous system . F rom  
a  nu m b er o f exam ples proving th is I select the following. As a  s tu d en t I 
once s ta rted  from C eresole w ith a few friends, and  after m aking  th e  ascen t o f 
th e  G ran Paradiso , we w ent dow n to L a  T h u ile  by the- R u to r. A t the 
H osp ice  of th e  L ittle  St. B ernard  we w ere stopped  by bad  w eather, we 
therefore m ade th e  descen t to C ourm ayeur by the  A llée B lanche an d  L ake 
C om bal. W e were in good training, bu t, unfortunately , a  friend w ho had  to  
leave us ce leb ra ted  his departu re  by encourag ing  us to  d rink  m ore than  
usual, an d  we w ent to  bed  so la te  th a t we only slept a  few hours an d  th a t 
badly, being excited by the alcohol consum ed.
T h e  nex t m orn ing  we left early for th e  Col F erret. W hen we reached  
th e  L akes de  F enêtre , a t an  a ltitude  o f 2,500 m etres, one o f our com panions 
began to  sit dow n from tim e to  tim e, an d  to  lag beh ind . I  w aited for him , 
an d  he to ld  m e th a t he  h ad  a headache an d  was n o t feeling very well. H e  
w ent on walking, bu t was shortly  afterw ards a ttacked  by nausea w ith retching. 
E ven  w hen he sat still h is b reath ing  was m ore rapid , his pulse accelerated  
an d  weak. M ore th an  all else th e  palp ita tion  of th e  heart an d  the oppression 
on th e  chest w hich took away his breath , as h e  said, d istressed  him . W e let 
h im  lie dow n on th e  g round  an d  rest for h a lf an  hour, an d  then , supporting  
h im  u n d er th e  arm s, we m anaged  to reach  th e  C ol F en ê tre  w here he  had
an o th e r an d  m ore v io lent a ttack  of sickness. H is  m uscular streng th  was so 
d im in ished  tha t, in sp ite  o f our exhortations, he  refused to  move.
W e had  already  m ade a so rt o f ten t w ith our a lpenstocks and  rugs, and  
were p reparing— two of the  party  an d  a guide, th a t is— to keep  our com rade 
com pany  th rough  th e  n igh t w hen o thers o f ou r com panions, who had  set ou t 
som e tim e before for the  H osp ice  o f  th e  G reat St. B ernard , re tu rn ed  w ith 
lan terns an d  dogs. T h e  sight o f these  far-fam ed dogs, th a t sprang  joyously 
a round  us, m oved us n o t a  little. T h e  lan te rn s o f th e  num erous party  
lighting  up th e  darkness raised  th e  spirits o f th e  inm ates o f th e  tent. O ur 
patien t p icked up  courage and  m anaged  to  descend  to  th e  G reat St. B ernard  
H ospice. T h e  nex t day his cond ition  was perfectly  norm al.
T h is  was one o f the  m ost characteristic  cases o f m ountain-sickness which 
1 have ever observed. T h e  a ltitu d e  was only 2,500 m etres, an d  th e  victim  
was a fairly robust ind iv idual in good tra in ing  w ithout any  card iac defect. 
T h e  gravity o f th e  sym ptom s was d u e  to  w eakness of th e  nervous system  
and  to  lack o f sleep. T h e  m uch  g reater exertions o f th e  p reced ing  days a t 
g rea ter a ltitudes had  had  no sim ilar effect upon  him . T h e  sum ptuous 
d inner, th e  ab u ndance  of w ine drunk , an d  th e  insufficient repose w ere th e  
causes o f th e  ou tb reak  an d  aggravated  charac te r o f th e  sickness.
A general— to tell an  o ld  story w hich still ho ld s good for m odern  arm ies 
a n d  fu ture  m ountain-clim bers— once said th a t so ld iers m ust never be led  to  
battle  the day after a  holiday. W e have in th e  above inc iden t a p roo f th a t 
th e  rem ark m ay be well app lied  to  A lp ine excursions.
IV
A m ongst the causes w hich p roduced  such a  degree o f p ro s tra tion  in  ou r 
com rade a t C ol F en ê tre  m ust, I  th ink , be m en tioned  th e  su d d en  darkness 
caused  by fog. D uring  m y sojourn on M onte  R osa  I often  had  occasion to  
observe th e  depressing  influence w hich fog exercises even on  the  best 
clim bers. T h e  guides are, indeed, unan im ous in m ain ta in ing  th a t a  dense 
fog is m uch m ore to  be feared than  a  snow-storm .
O ne day while we were in R eg ina  M argherita  H u t two fresh parties 
arrived, so th a t we w ere very m uch crow ded. O ne of the  keepers o f th e  
h u t and  two soldiers, the  stu rd iest m en o f ou r party , offered to  go dow n to 
G nifetti H u t, so as to  leave us a  little  m ore room . T h ey  sta rted  in  high 
spirits a t 4 p .m ., w ith p lenty  o f tim e before them  to reach  th e ir destina tion  
before night. W hen they  reached  th e  g rea t ice p lateau, how ever, they  found  
them selves enveloped  in  fog, an d  it began to  snow.
Shortly  afterw ards they  becam e aw are th a t they  had  lost the ir way, b u t 
w ent on walking. T hey  spen t an  hou r w andering abou t, groping the ir way, 
an d  then  d iscovered to  the ir surprise th a t they  h ad  re tu rned  to  th e  po in t 
w here they had  been before th e  fog had  closed in  a round  them . A t th is the ir 
courage failed them . T h ey  w alked on for a considerab le  tim e again, 
following the  holes m ade by  th e  a lpenstocks o f an o th e r party  w hich had  
c lim bed  up  to  th e  h u t ; then  as th e  darkness becam e deeper an d  the w ind 
an d  th ickly  falling snow  oblite ra ted  all traces, they lost even this clue. Q uite  
ou t o f the ir reckoning, they  began to  despair e ither o f finding the ir way 
forwards or o f re tracing  the ir steps. L uckily  th e  sky cleared  after a  while 
enab ling  them  to reach G nifetti H u t after n igh t had  closed in.
W hen  they rejo ined  us on th e  nex t day an d  to ld  m e o f th e  fear and 
ag itation  w hich they  had  suffered, it seem ed ra th e r as though  they  were
relating  som e dream  or vision, so different was the ir talk  from w hat one 
was accustom ed  to  h ear from these sturdy, u n d au n ted  fellows. T h e  lack 
of sight causes m oral depression. A t n igh t we are  less courageous than  
during  th e  day a n d  fear easily degenerates in to  panic.
I t  often happens th a t a  party  o f m oun tain -clim bers start in  th e  m orning 
w ith th e  in ten tion  o f bivouacking on the sum m it o f som e m ountain , and  
th en  find them selves obliged to  m ake up  the ir m inds, before the  sun  sets, to  
pass the  n igh t on  the  rock or on a glacier. T h e  sta te  o f m ind  is in  th is case 
qu ite  d ifferent from  th a t o f th e  A lpin ist who finds h im self suddenly  w rapped 
ro u n d  by fog an d  b rough t to  a  standstill on th e  glacier by darkness. A  M ont 
B lanc guide to ld  m e th a t he once w andered for a  long tim e round  V allot 
H u t w ithout be ing  ab le  to  find it, a lthough  he was a t th e  d is tance  o f only a 
few paces, so th ick  was th e  fog. D iscouragem ent an d  psychic depression, 
like pan ic  fear, s tand  in  no p roportion  to the ir causes. T h e  w ind carrying 
away th e  sound  of the  voice renders  the solitude m ore oppressive. F ea r 
acts on th e  organism  in such a  m anner th a t the  phen o m en a  of m ountain- 
sickness appear even in  persons who have never suffered from  it before. O ne 
o f th e  two soldiers above-m entioned  to ld  m e th a t he  had  experienced a  sort 
o f dizziness and  a  feeling o f nausea  w hich a lm ost p rovoked  vom iting.
T h e  influence o f darkness on psychic phenom ena  has no t as yet been 
sufficiently stud ied . D arkness certain ly  has a  depressing  influence, as is 
proved by th e  greater fatigue w hich n igh t m arches produce. F é ré  1 observed 
th a t epileptic fits occur in  the  p roportion  of tw o-thirds by n igh t to one-th ird  
by day. O ur body is constitu ted  by a  system  o f forces in unstab le  equili­
b rium , an d  a  passing ag ita tion  is sufficient to  d isqu ie t th e  balance  in  such a 
m an n er th a t it  canno t regain  its poise, no tw ithstand ing  all th e  efforts o f the 
will. T h o se  w ho have no t know n w hat it is to  grope the ir way th rough  fog 
on  th e  m ountains, in  peril o f be ing  engulfed in som e crevasse, or o f slipping 
dow n som e precipice, canno t u n d ers tan d  the  A lp in ist’s dism ay an d  dread 
w hen he finds h im self in these circum stances. T h e  lack  of light m ay incite 
to  th e  m ost despera te  acts.
I t  is m ere foolhardiness w hich leads som e clim bers to  defy the  fog ; even 
on  th e  best o f days M onte R osa has its m ortal dangers ; woe, therefore, to 
those  w hom  th e  fog overtakes in  the  great am ph ithea tre  w hich lies a t th e  base 
o f its h ighest peaks.
V.
W ere I asked  w hat headache is I  should  have som e difficulty in replying. 
P erhaps I should  ven ture  to  say no m ore than  th a t headache is a w arning 
given us by organic consciousness o f a d is tu rbance  in  the  nu trition  of the 
brain. T h e  fundam ental parts  o f ou r body are insensible. T h e  surgeon’s 
scissors m ay do  th e ir w ork on stom ach, viscera, brain , w ithout the p a tien t’s 
being aw are o f the operation . A nd  yet, again, sensibility  is no t u tterly  
lacking. H ead ach e  is as th e  expression of th is fundam en ta l and  recondite  
sense, a  species o f alarm  signal issued by th e  usually d um b  organic conscious­
ness. T hus, too, does hunger warn us o f approach ing  de trim en t from w ant 
o f food, a lthough  it has no  special nerves a t its disposal. T o  be well or to 
be unw ell a re  vague, conventional expressions for a w orld of indefinable 
sensations. I f  any one of the vital functions is a lte red  by fever, fatigue, 
excessive m ental work, v itia ted  air, o r bad  digestion, headache, like a  w arning
'  Ch. F éré , Les epilepsies, 1890, p. 313,
sentinel, arouses o u r a tten tion . In  som e parties who cam e to  R egina 
M argherita H u t w hile we were there, all th e  m em bers com plained  of h ead ­
ache. W e had  a  little  m edicine-chest w ith us, because we knew  th a t nolens 
volens we shou ld  be called  upon  to ac t as physicians. W e found  tha t 
phenacetin  was of m ore benefit th an  stim ulating  rem edies. K now ing th a t 
w eakness an d  exhaustion  of th e  nervous system  likewise p roduce headache, I  
had  hoped  th a t cocaine w ould have proved  useful as a rem edy, b u t I  d id  no t 
observe, even w hen a  dose o f one decigram  in  M arsala wine was adm inistered , 
th a t it effected any very speedy re lief in case o f headache, a lthough  it u n ­
doubted ly  gives strength .
Fatigue, digestive d is tu rbances, insufficient sleep, th e  dazzling glare of the 
glaciers, an d  th e  action  o f rarefied air, all co n trib u te  to p roduce  th e  headache  
w hich is experienced by all, m ore or less, on lofty sum m its.
T h e  headache caused by m oun ta in  a ir has th is characteristic , th a t it 
increases an d  dim in ishes a t various hours o f th e  day. T h e  grea test to rm en t 
w hich th e  sense o f sm ell has ever p rocured  me, was experienced  during  th e  
illness o f the  sold ier R am ella. W e had  iso lated  our pa tien t, who was suffering 
from inflam m ation o f th e  lungs an d  pu lm onary  gangrene, in  th e  last room  of 
the hu t, for fear o f infection, b u t ow ing to  o u r cram ped  space I  was 
nearly always obliged to  w ork near his bed . T h e  pu trid  sm ell o f his b rea th  
a n d  o f th e  spu tum  was such, th a t in less than  an  hou r headache  obliged me 
to  pause in my work. I  u sed  th en  to  go to  th e  w indow  an d  on to  th e  
balcony, if th e  w eather p erm itted  ; in  a  few m inu tes I h ad  recovered  and  
was ab le  to re tu rn  to  th e  sick-room  an d  to  m y studies.
V I.
In  som e very sensitive persons m ore serious nervous d is tu rbances are  
caused  by th e  ac tion  o f rarefied  air. A  colleague o f m ine a t th e  U niversity  
o f T u rin  canno t swallow well a t a  certa in  heigh t because, as he  says, the 
salivary g lands are  no t in w orking order.
W hile we were a t G nifetti H u t a  G erm an gen tlem an, H e rr  K olbe, 
arrived in com pany w ith a friend o f his, D r. W eber. W hen they  s ta rted  
for th e  C ol du  Lys th e  w eather was uncerta in  ; they w alked for an  ho u r over 
th e  glacier, b u t the  halts becam e m ore freq u en tan ti H e rr  K o lbe  k ep t grow ing 
paler. H is  b rea th ing  was so laboured  that, in  spite o f h is own courageous 
insistence, the  re trea t becam e im perative. T h ey  h ad  bo th  before had  an  
a ttack  of nausea  w ith retching, b u t th is had  caused  them  little  anxiety. 
I t  was the  appearance  o f a  livid co lour in the ir faces w hich d ec ided  them  to 
tu rn  back. T h e  therm om eter m arked  6°.
O n their re tu rn  to  G nifetti H u t they  repeated ly  expressed  aston ishm en t 
a t th e  sudden  im provem ent o f the ir cond ition . T w o o r th ree  m inu tes after 
they had tu rn ed  an d  begun to  descend , every trace o f ind isposition  had
d isappeared  an d  they  cam e dow n alm ost a t a  run . A fter an  h o u r and
a half they were sitting  a t tab le  eating, th e  only rem ain ing  inconvenience 
being th a t H e rr  K o lbe  had  som e difficulty in  form ing th e  b ites o f food
in his m outh  an d  in  swallowing. W e d id  no t ascerta in  w hether th is was
d u e  to  a  slight paralysis o f th e  m o to r nerves, o r to  a d im inu tion  o f sen­
sibility ; p robab ly  th e  cause was a  degree o f paralysis o f th e  vagus.
D r. W eber exam ined the  heart o f his com panion  a n d  found it norm al. 
Som e explana tion  o f K o lbe’s serious indisposition  an d  rap id  recovery is 
fu rnished by his age o f sixty years. I  have seen only two m en o lder th an  he
ascend  M onte R osa  : S enato r Perazzi, w ho was th e  N esto r o f Ita lian  A lpinists, 
an d  the guide A n tham atten  from  Saas, who was sixty-seven years old, an d  the 
oldest guide, I  believe, still on active service.
P a rro t,1 w ho was th e  first to  ascend  P a rro t Peak, th e  m ost beautifu l o f the  
peaks o f M onte  R osa  (o f w hich I have in troduced  an illustration  taken  from 
a pho tograph  by V itto rio  Sella in  C hap te r V II .,  p. i n ) ,  relates, th a t du ring  his 
jou rney  th rough  th e  C aucasus he  once lost h is voice. T h is, too, is a  
phenom enon  arising  from  paralysis o f the  vagus. H e  d id  n o t feel ill, was 
no t dizzy, only very weak. H e  could  no t see so far, either, no r so distinctly  
as before. H e  rested  for h a lf an  hou r an d  was th en  ab le  to  speak again.
P au l G iissfeldt, in his book on M on t B lanc, says : “  T h e  brain  has 
certa in ly  a  g reater p roductive efficiency a t low er levels th an  a t great altitudes. 
P robab ly  it, too, w ould accustom  itself to  rarefied air like th e  heart and  lungs. 
A t least m y experience suggests this. I  tried  once to  con tinue  som e work in 
the  m oun ta ins w hich had , however, no connection  w ith m y surroundings. I 
dragged  on  w ith it w ith th e  g reatest difficulty an d  w hat I  w rote I had  after­
w ards to  erase. As soon as I had  re tu rn ed  to  G erm any th e  though ts cam e 
to  m e easily, an d  th e  w ork was finished w ithin a  very sho rt space o f tim e.”
D uring  th e  ten  days w hich I spen t on M on te  R osa, a t an  a ltitu d e  of 
4,560 m etres, I  d id  n o t notice any  difference in  th e  activity o f th e  brain. 
M y b ro th e r an d  I  m ade th e  experim ent o f no ting  th e  nu m b er o f seconds 
w hich we requ ired  to  m ake the add ition  or m ultip lication  o f certain  given 
figures, an d  found  th a t for th e  sam e opera tions there  was no  difference in the 
tim e  taken  in  T u rin  an d  on M onte  R osa.
T h is  ho ld s good for a  s ta te  o f com p lete  repose only, exertion  alters the 
case, a rithm etica l operations are  then  no longer accom plished  w ith the  sam e 
rapidity . Speck affirms th a t w hen one is su rrounded  by an  a tm osphere 
con ta in ing  only 9 per cen t, o f oxygen one loses o n e ’s m em ory. T h e  sam e 
phenom enon  is p roduced  by oxide o f carbon, an d  it may, I  th ink , be 
generally  m ain ta ined  th a t m em ory fails as soon as th e  nu trition  o f th e  brain 
is d istu rbed .
V II .
C ats are, perhaps, m ore suscep tib le  to  the  action  of rarefied air th an  any 
o th e r anim al. I n  South  A m erica cats are never seen in p laces h igher than  
3 ,500 m etres.
In  his P eruanische Rciseskizzcn  T sch u d i rela tes th a t th e  a ttem p t has often 
been  m ade to  carry cats up  to th e  villages on the C ordilleras, w here all o ther 
dom estic  anim als thrive, b u t w ithout success. T hey  do  no t try  to  escape  nor 
bite, b u t soon sicken , are  dejec ted , and  are  then  seized by convulsions o f an 
ep ilep tic  character a n d  die. Dogs o f finer b reed  are  likewise sub ject to 
th is m alady. In  South  A m erica m ountain-sickness is called  soroche, and  
those  anim als th a t sicken in  rarefied a ir a re  te rm ed  azarochados.
In  o rder to  show th e  action  o f slight barom etric  depressions I shall com ­
m unicate  an experim ent on a  full-grown cat w hich has lived for a  long tim e 
in  th e  laboratory. T h e  servant, G iorgio M ondo, to  whom the  an im al is m uch 
a ttach ed , en te red  th e  pneum atic  cham ber w ith it on h is arm .
June 18th. Barom etric pressure 743 mm. T em perature 20°. W hile the cat appeared to 
be sleeping on M ondo's knees, a t 8.20 a .m ., I counted the nonnal rate o f its breathing, 
which ran thus for five consecutive minutes : 32, 30, 30, 31, 30.
1 A'eise in die Krym und den Kaukasus von M. von Engelhardt und F. Parrot, Berlin, 
1815, i. Theil, p. 202.
T he rarefaction of the air was then begun by setting the pum p in m otion and slightly 
dim inishing the entrance o f air.
8.40. Pressure 533 mm. ( =  2,825 m .). Breathing 28, 26, 26, 24, 24.
T he normal pressure was then slowly re-established. T he anim al continued to slumber.
9.22. Pressure 743 mm. B reathing 30, 32, 30, 30.
W e then began to rarefy the air again.
9.36. T he pressure of 533 mm. is again reached. Breathing 26, 26, 24.
9.48. N orm al pressure. B reathing 28, 30, 32, 34.
T he anim al continued to slum ber and did not move. Every time that the air was rarefied 
we noticed the same phenom enon, nam ely, that the breath ing  became slower and more 
superficial.
I t  is thus show n th a t in  th e  ca t a  barom etric  depression  of only 21 
cen tim etres ( =  2,800 m etres) reduces th e  ra te  o f b rea th ing  by 10 m ovem ents 
per m inute.
V III .
T h e  first tim e th a t I de tec ted  an irregularity  in the  action  o f my heart 
(with w hich I am  well acquain ted , as I have stud ied  it for m any years), was 
on M onte  R osa, where, from  tim e to  tim e, a m ore rap id  beating  was notice­
able. In  B eno Bizzozero, in my bro ther, a n d  in o thers a  sim ilar acceleration  
was observable.
T h ese  accelerations, o f w hich I m ust now speak, are  m ore forcible an d  
m ore irregular th an  the period ic  varia tions in  th e  frequency  o f th e  pulse 
show n in som e tracings in C hap ter IV ., p. 58.
A s th is is one o f the m ore serious sym ptom s of m ountain-sickness, and  
one to  w hich I should  like to  d irec t th e  a tten tion  o f m ountain-clim bers, I 
here  com m unicate  a few observations m ade on myself.
O n A ugust gth, a t 1.15 p.m ., I  arrived a t  R egina M argherita  H u t, no t 
very tired, as I had  been  d eterm ined  to  walk very leisurely, an d  had  thus 
taken  five hours to  accom plish  this ascen t for w hich four w ould have; sufficed. 
Im m edia te ly  011 m y arrival I ascerta ined  th e  frequency of th e  pulse, w hich 
was 102 per m inute , an d  of the breath ing , w hich was 22 to the m inute. T h e  
rectal tem pera tu re  was 3 7‘9°.
A fter four hours’ rest, two o f w hich I spen t lying dow n an d  th e  o ther two 
in pu tting  m y in s trum en ts  in  order, th e  pulse was 68, the  rate  o f b reath ing  
15 per m inute, th e  tem pera tu re  36"9°. T h e  effect o f fatigue an d  o f the 
rarefied a ir is slight, because, in the p lain  u n d e r norm al conditions, the 
pulse w ould have been  60, the resp irato ry  frequency 13, th e  tem pera­
tu re  36 "S0.
T h e  next day, A ugust 10th, a t the sam e hour, I d id  no t feel so well ; the  
pu lse was from tim e to tim e irregular in  its frequency and  was som etim es 
strong, som etim es weak. A t m y request B eno Bizzozero coun ted  the pulse 
for ten m inutes in succession w hile one o f the soldiers w rote th e  num bers 
announced , w hich ran as follows : 73, 76, 75, 76, 93, 80, 84, 80, 76, 75. 
T h e  rate  o f b rea th ing  was irregular, on an average 22 per m inute . T em ­
pera tu re , 3 7 '4°- T h is  d is tu rbance  in the  physiological cond ition  is im portan t ; 
1 had  no t gone ou t o f the hut, it was no t therefore caused e ither by cold 
or fatigue, b u t solely by the barom etric  depression. T h e  therm om eter outside 
o f the  w indow  facing tow ards th e  north , u sed  for m eteorological observations, 
m arked  9°, bu t w ithin it was warm , because there  were two stoves lit all day, 
one in th e  observatory an d  one in the k itchen.
O n th e  fourth  day, A ugust 12th, th a t is, th e  irregularities in th e  pulse had  
d isappeared  an d  my heart had  resum ed its custom ary slow, regular beating
D r. A belli an d  B eno Bizzozero, aston ished  a t the  slowness o f my pulse, both  
coun ted  it repeated ly  while I  was lying dow n an d  found from  54 to  55 pu lsa­
tions per m inute, th e  ra te  o f b reath ing  being from  16 to  17 an d  th e  rectal 
tem pera tu re  3 6'6°. All th e  phenom ena caused by th e  depression had  there­
fore d isappeared . O nly th e  b reath ing  was qu icker th an  usual ; for in  T u rin , 
before rising, I  only b rea th e  from 11 to  12 tim es in  th e  m inute. O ne 
inconvenience w hich never left m e was the  sense of d iscom fort w hich I  
experienced in  stooping, th e  venous circu lation  o f th e  b lood being then  
im peded.
D uring  the first days a t R egina M argherita  H u t I  observed th e  sam e 
augm entations in  the ra te  o f th e  pulse in  B eno Bizzozero, and  his face 
changed  co lour from tim e to  tim e ; som etim es his cheeks w ere red  and  
som etim es pale, w ithout any o ther cause than  som e deep-seated  m odification 
in th e  sta te  o f th e  nerve-centres w hich regu late  th e  m ovem ents o f th e  heart 
an d  blood-vessels.
T h is  convinced  m e th a t m ountain-sickness m ay appear in all a t no t 
very great altitudes, th a t in  R egina M argherita  H u t there  are  cond itions 
favourable to  th e  carrying ou t o f a  study  o f th is k ind, an d  th a t only by 
m inutely  describ ing the first sym ptom s o f th e  ind isposition  can a sure 
foundation  be  laid for the pathology of m ountain-sickness.
IX .
T h e  w ind exercises a  com pressing or else an  asp iring  action . W hile we 
were in  R egina M argherita  H u t th e  storm s often gave us p ractical dem on­
stration  o f th e  m ovem ents o f the air such  as one is seldom  trea ted  to  in  the 
p lain. W hen  th e  w ind was blow ing in  a  d irection  a t a  tangen t to  th e  door, 
one no  sooner tried  to  open th e  la tte r th an  a  flame d arted  ou t from  the stove 
ap ertu re  an d  the  sm oke was draw n forcibly tow ards the door.
T h is  is the  princip le o f th e  scen t-bo ttle  w ith spray-diffuser w hich acts 
w hen one blow s in  a  d irection  a t a  tangen t to  a tu b e  im m ersed in  the 
perfum ed liquid. T h e  cu rren t o f a ir rush ing  past th e  tiny  opening  of the 
tu b e  drags w ith it part o f th e  a ir con ta ined  in  th e  tu b e  im m ersed in  the 
liquid, o th er particles o f a ir follow and  th is a ir in becom ing rarefied draws 
a fter it th e  liquid, un til th e  latter, having reached  th e  top  o f th e  tube, is 
d ispersed  in a  very fine cloud. T h ese  two forces o f the wind, th e  com ­
pressing and  the aspiring  force, m ust exercise an  influence, too, on respiration  : 
som e a ttem p t I have m ade to prove this, b u t I  do  n o t ven tu re  to  draw  
conclusions, as th e  d iscom fort caused  by exposure to  the hu rricane was 
too great to encourage pursuance  o f the  study.
I f  we b rea the  w ith ou r back  tu rn ed  to  th e  w ind, we find th a t respiration  
is easier, bu t I  do n o t th ink  th a t th is is an effect due  to  aspiration . T o  front 
th e  w ind causes m uch greater d iscom fort because th e  cu rren t then  acts on 
th e  uncovered  face an d  on th e  eyes. M ore especially is th e  accom panying 
sensation  of co ld  distressing.
P revailing  opinions on  th e  effect o f th e  w ind on  resp iration  are  con tra­
dictory. T h e  popular belief is well know n. In  accordance  w ith it, it is 
though t, for instance, th a t any one falling from  a tow er is suffocated from 
w ant o f b rea th  before reach ing  th e  g round, as though  in th e  rap id  passage 
th rough  th e  air, it h ad  been  im possib le to  fill th e  lungs w ith air.
T issié, in a  recen t s tudy ,1 expresses h im self on th is sub jec t as follows :—  
1 Tissié, L'entraînement physique. Revue scientifique, 25 Avril, 1896, p. 516.
“ T h e  g reater th e  velocity  o f progression, th e  g rea ter is the  difficulty of 
b rea th ing  ; th e  s tra ta  o f a ir traversed being perpend icu lar to  th e  axis o f 
buccal expiration  ac t as a gag w hich is th e  m ore resistan t th e  g reater th e  
velocity. I t  is in  o rder to  b rea the  b e tte r th a t one instinctively  bends th e  
head  dow n w hen it is very w indy ; th e  two axes o f resp iration  are  thus d is­
p laced .”
In  order to  study  th e  m odification  o f th e  b rea th ing  in  a violent cu rren t o f 
air, I  set up  in  my laboratory  a  ven tila to r w hich was m ade to  ac t by m eans 
o f a gas-m eter. In  form  th is ventila to r was sim ilar to  those  used  in foundries 
and  factories for the  production  of a  strong  air-current. A s th e  ordinary 
anem om eters d id  n o t suffice to  m easure th e  very v io len t cu rren t thus 
generated , I  d e term ined  its velocity  by m eans o f L in d ’s m e th o d ,1 m aking use 
o f a w ater-m anom eter, o f w hich th e  tube  was 28 m illim etres in  d iam eter. 
O ne of th e  legs of th is U -tu b e  was curved again in such a m anner th a t the 
a ir issuing from the  ven tila to r blew straigh t in to  it. T h e  w ater in  the  m ano­
m eter rose to  from 18 to  20 m illim etres a t the  d is tance  o f 10 cen tim etres 
from th e  tu b e  w hence th e  air poured  out.
R eckon ing  accord ing  to th e  tab les draw n u p  for th is purpose, I  found 
th a t the he igh t o f 20 m m . co rresponds to  a  velocity  o f 3 4 ‘6 m. per second-—- 
th a t is, o f 124 k ilom etres per hour, th e  velocity o f cyclones.
I then  first d e te rm ined  th e  m odification in  th e  pressure o f th e  w ind w hen 
it reaches the  lungs by the  passage of th e  nose an d  larynx. T h is  experim en t 
had  of course to  be perform ed 011 a  corpse. I  p laced  the  head  w ith th e  sam e 
tu b e  in  the trachea  in  such  a m anner th a t th e  cu rren t o f a ir struck  th e  
nostrils full in front an d  found  th a t th e  pressure was only 15 mm . T h is  
proves th a t p a rt o f th e  pressure of th e  w ind is lost before the  a ir reaches th e  
lungs. W hen  th e  h ead  o f th e  corpse was ben t, as we b en d  ours w hen w alking 
against th e  wind, th e  m anom etric  p ressure sank  to  12 mm . T h ese  d a ta  are  
easily u n d ers tood  an d  d em and  no fu rther explanation .
T h e  influence of th e  w ind on th e  resp iratory  form  was th en  stud ied  by 
m eans of the graphic m ethod . T rac ing  55 shows th e  resu lt o f an  experim ent 
perform ed on myself. T h e  first p a rt to  the  left is the norm al respirato ry  
curve. A t th e  sign « th e  m achine was p u t in m otion  a n d  th e  sub jec t thus 
exposed to  th e  influence o f th e  strong  cu rren t o f a ir travelling a t the  above- 
m en tioned  rate. D uring  th e  first m om ent th e  thorax  rem ains som ew hat 
d ila ted  ; it then  recovers th e  position  w hich it had  before a t th e  en d  o f th e  
expiratory m ovem ent. T h e  insp ira tions are  deeper an d  slower. A t th e  
sign w the ac tion  of th e  w ind is stopped  an d  th e  b rea th ing  regains its 
p revious form  an d  rhythm .
In  D r. F errod  th e  m odification of th e  b rea th ing  u n d er the  influence of 
the w ind is very m arked  at th e  beginning, afterw ards d isappearing. T h is  may 
be seen in Fig. 56. T h e  first p a rt to  th e  left shows th e  norm al thoracic  
resp iration  while seventeen b reaths are  being draw n in th e  m inute. A t a th e  
cu rren t is established, the  b reath ing  becom es accelerated  an d  m ore am ple. 
T w en ty  b rea th s are  draw n in th e  m inute. T h e  thorax  resists th e  pressure 
an d  does n o t dilate, as in the foregoing experim ent. T h e  resp irations ascend  
h igher than  in the  preced ing  norm al tracing. In  th e  second  m inu te  the 
rate  has fallen to  18, the am p litude  is norm al. I n  th is part o f th e  curve we 
have th e  p roo f th a t a very strong w ind (travelling a t th e  rate  o f 34 m etres 
per second) such  as is perhaps never experienced in th e  A lps, as m an  w ould 
be sw ept away before it, exercises no visible influence on th e  breath ing .
‘ G ehlcr’s Physikalisches W örterbuch, x. B ., p. 21S4.
In  o th er persons I have seen th a t th e  w ind reinforces the  respiratory 
m ovem ents an d  slackens th e  rate. A s for the form  o f the single respiratory 
phases, w hich were taken  by giving a  m ore rap id  ro ta to ry  m ovem ent to the 
cy linder o f th e  registering  appara tus, I  have n o t m et in them  w ith any 
appreciab le  difference. As, however, so strong  a  cu rren t o f a ir on th e  face 
p roduces an uncom fortab le  sensation  of cold, th is a lone  suffices to  give rise 
to  a nervous d is tu rbance  w hich m odifies th e  b rea th ing  w ithout the p artic ipa­
tion  o f the m echanical ac tion  of th e  lungs.
T h e  d raugh t p roduced  by th is ven tila to r was so strong  th a t only few 
cou ld  face it  w ithout experiencing great discom fort. T h e  m echanician  o f the 
labora to ry  becam e dizzy w hen he approached  th e  apparatus. T h is  explains 
why som e persons a re  m ore liab le  to  m ountain-sickness w hen they  walk 
against a  v io lent wind.
X.
O n th e  glaciers w hen one is obliged  to  ha lt d u ring  a  snow -storm , it is 
advisable to  m ake a  ho le  in  th e  snow  w ith th e  ice-axe and  then  th ru s t in  the 
legs u p  to  th e  calves so as to  p reven t th e  feet from  freezing.
In  D r. P e rro d  I  took  th e  tem pera tu re  of th e  skin o f th e  cheeks w ith a 
special therm om eter m ade for m easurem ents o f this k ind , an d  found it to  be 
34° on the surface o f th e  skin. A fter the  sub jec t had  been  exposed for two 
m inu tes to  th e  action  o f th e  ven tila to r th e  tem pera tu re  had  fallen to  25°. 
A no ther tim e I  p u t an  ord inary  therm om eter in to  th e  sub jec t’s m outh , so 
th a t the  bu lb  touched  th e  in n er skin of the  cheek. I t  ind ica ted  35-6°. T h e  
experim en t w ith th e  ven tila to r was then  repeated , D r. F erro d  keeping his 
m ou th  shut, an d  th e  therm om eter still be ing  in the  position  ind icated , while 
th e  cu rren t struck  h im  in th e  face. I n  two m inutes an d  a h a lf the tem pera tu re  
o f  th e  m ou th  was d im in ished  by th ree  degrees. T h e  tem pera tu re  o f the  air 
m easured  in th e  cu rren t o f th e  ven tila to r was 12 "5°.
W e have nerves w hich are  suscep tib le  to hea t an d  o thers susceptib le to 
cold . T h e  skin o f the face is m ore sensitive to  cold th an  th a t o f th e  hands. 
T h e  tips o f th e  fingers feel m ore pain  from  cold than  th e  palm . I  m ention 
th is as an  ind ica tion  of how sensitiveness is d is tribu ted  over th e  surface of 
th e  body. A  typical case is th a t o f th e  m c m b n im  virile, w hich feels heat, 
b u t is, tow ards th e  apex, insensib le to  cold.
W hen  exposed to  w ind o r co ld  th e  eyes fill w ith tears. T h is  is a  com plex 
phenom enon , no t well stud ied  as yet. F rom  observations m ade on myself, I 
am  inclined  to  th ink  th a t there  is no t an  increased  secretion of tears. 
P erhaps a con trac tion  d im in ishes th e  orifice o f th e  canal th rough  w hich the 
tears run  tow ards the  nose, o r else there  m ay be som e change in  th e  m anner 
in  w hich we wink.
T h e  opinions o f A lpinists as to  cold are  n o t in  agreem ent. Saussure 
says : “  T h e  only th ing  w hich d id  m e good an d  increased  m y strength  was 
th e  co ld  a ir o f the no rth  wind. If, in  ascending, I  had  m y face tu rned  
in  th a t d irection  and  could  swallow g reat b rea th s o f th e  a ir com ing from 
th a t q u arte r I  cou ld  accom plish  twenty-five o r tw enty-six steps w ithout 
s topp ing .”
T h e  b ro thers Schlagintw eit, on th e  contrary, m en tion  th a t they  an d  their 
party  experienced a  sense o f suffocation w hen th e  w ind was blowing, and  in 
th e  evening th e  w ind m ade them  feel so ill th a t they  lost the ir appetite  and  
scarcely cooked  any  d inner, w hereas in  th e  m orn ing  w hen th e  a ir was calm  
they  felt better.
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C onw ay,1 w hen a t th e  sam e a ltitu d e  in the  H im alayas, com plains o f the 
calm  a ir and  fine w eather. T o  q u o te  h is own w ords :—-
“ T h e  connection  betw een heat, still air, an d  hum an  discom fort a t high 
a ltitudes is a  close one, an d  calls for explanation . A  c lim ber is forced to 
take accoun t o f it. In  a ttem pting  the  ascen t o f a  h igh peak  he should , if 
possible, approach  by a  no rth -south  valley, so as to  w in as m uch shade as 
possible, an d  then  he shou ld  endeavour to  clim b by an  exposed ridge ra ther 
than  by gullies or snow-slopes, for thus he  will th e  m ore probably  avoid 
s tagnan t air. F inally, he  should  work in bad  w eather an d  by n igh t as m uch 
as possible, a n d  shou ld  avoid  a rou te  w hich will expose h is back  to  th e  sun 
for any considerab le  leng th  o f tim e.”
1 W . M. Conway, Climbing in  the Karakoram-Himalayas, p. 509.
Panoram ic view taken from the Regina M argherita H ut.
C H A P T E R  X V II I
C IR C U L A T IO N  O F  T H E  B LO O D  IN  T H E  H U M A N  B R A IN
I.
I T  was my wish to  find som e m an w ith a  ho le  in  his skull w ho w ould have been  w illing to  com e w ith m e on  the  M onte  R osa  expedition , b u t I  was no t successful in  m y search. Som e o th e r physiologist will, I  hope, be 
luckier. F o r th e  p resen t we m ust co n ten t ourselves w ith th e  observations 
w hich I m ade in the  pneum atic  cham ber on two persons in  w hom  th e  brain  
was uncovered.
Several w riters have a ttrib u ted  m ountain-sickness to  a d is tu rbance  in  th e  
circulation  o f b lood  in th e  brain. Som e, like T schud i, say th a t th e  d im in ished  
barom etric  pressure p roduces a  cerebral congestion  ; others, a n d  am ongst 
these Lcewy,1 ascribe m ountain-sickness to  anæ m ia o f th e  brain. I  should  
deta in  th e  reader too long w ere I  to  recall th e  theories w hich have been  p ro ­
po u n d ed  in  o rder to  explain the  m orb id  phenom ena  resu lting  from an 
augm enta tion  or d im inution  of the  barom etric  p ressure on the surface o f the 
body. In  general it m ay be  said  th a t m echanical theories predom inate . 
P . B ert tried  to  substitu te  a chem ical for the m echanical theory, b u t the 
phenom ena are  so closely connected  th a t it seem s im possib le to  look upon
‘ Lcewy, Untersuchungen über die Respiration u n d  Circu/aticn bei Aendertmgdes Druckes, 
Berlin, 1S95, p. 15.
either theory  as alone sufficient. As a p roo f o f th is I  m ay instance Le Pileur, 
who, a t an  altitude  of 3,04h m etres, on M on t B lanc, was seized w ith dizziness 
w hen he m erely lifted his h ead .1 H . V ivenot m aintains th a t the drow siness 
w hich often troub les the w orkm en in th e  caissons full o f com pressed air, is 
due to  cerebral congestion .2 H e  says th a t the  b lood  is forced tow ards the 
in n e r parts by th e  com pressed air, an d  th a t to  th e  d im inu tion  of the b lood  at 
th e  periphery  m ust correspond  a  congestion o f th e  bra in  an d  spinal cord  which 
is th e  cause o f som nolency.
T hese, however, a re  hypotheses, no d irec t researches having, so far as I 
know , been  m ade as yet on th e  subject. I t  suffices to  show th e  little  value 
o f  these suppositions th a t b o th  anæ m ia an d  congestion  of th e  b ra in  have 
been  considered  as th e  cause of som nolency a n d  th e  o th er nervous d is tu rb ­
ances w hich are  p roduced  by th e  changes o f the barom etric pressure, as 
though , in o th er words, th e  influence o f over-abundance an d  of lack of 
b lood  on th e  brain could  b e  identical.
M y investigations o f 1877 on th e  physiological action of com pressed air 
show ed th a t the  d is tribu tion  of b lood  in  th e  organism  does n o t change even 
w hen th e  pressure o f the air on th e  surface o f th e  body  becom es doub le  th e  
norm al, a  w eight w hich would crush  us were it no t coun terbalanced  a t all 
parts  o f th e  body in ternally  an d  externally . W e shall now see th a t the 
m echanical theory  o f the  d isp lacem ent o f th e  b lood  is also inadequa te  to  
explain the  m orb id  phenom ena w hich becom e m anifest w hen th e  air is 
rarefied.
T h e  m ethod  w hich I  ad o p ted  for th e  registering of th e  cerebral circu­
lation  o f the blood, is th a t described  in my book,3 w hich it is here, there­
fore, unnecessary  to  repeat. Fig. 59 shows th e  application  of a  tube  to 
the opening  in the skull o f th e  youth  Favre, in  such a  m anner th a t the 
pulsations o f th e  brain  are  tran sm itted  to  a lever, w hich w rites th e  curve of 
th e  circulation  o f the  blood. L e t us now  consider th e  construction  o f the 
pneum atic  cham ber an d  the d isposition  o f th e  registering appara tu s w hen th e  
brain-pulse was to  be traced  w ithout d is tu rb ing  th e  sub ject o f the  experi­
m ent.
T h e  large vertical cy linder seen to  th e  righ t in Fig. 57 is th e  pneum atic  
cham ber. I t  is o f iron  an d  is m ade like a steam -boiler, te rm inating  a t the  
u pper end  in  a  flatfish cupola, while th e  lower open  end  is encircled  by 
a  th ick  and  perfectly level iron rim. T h is  rim  is covered by a  large tu b e  of 
ind ia-rubber w hich rests on a th ick  m arble slab  an d  closes th e  cylinder her­
m etically like a pneum atic  bell. A  m an m ay stand  w ith ease in  this iron 
cham ber as it is rS g  m etres high, an d  o '8o  m etres broad, the capacity  being 
therefore o f ab o u t one cub ic  m etre. A  window  of very th ick  glass adm its 
light to  th e  interior.
T h e  cylinder is easily raised  and  low ered as it is held  in  equilibrium  by a 
counterpo ise an d  by two pulleys fixed to  the  wall. In  th e  figure this p art of 
the iron  support is no t visible, only in th e  m iddle o f the cupola  th e  ring is seen 
to  w hich the  suspending  rope o f th e  bell is fastened. By m eans o f th e  handles 
a t the  sides th e  cylinder is raised  to  th e  heigh t o f a  m an, th is causing no 
exertion  as it is kep t in  equilibrium  by an equal w eight a t th e  o ther end  of the 
rope.
1 Comptes rendus, 1845, vol. xx. p. 1200.
2 B. v. Vivenot, Z u r Kenntniss der physiologischen Wirkungen der verdichteten Luft. 
E rlangen, 1S68, p. 494.
3 D er K reislattf des Blutes im menschlichen Gehirn, Leipzig.

In s tead  o f an  o rd inary  air-pum p I m ake use o f a gas-m otor w hich keeps in 
m ovem ent a  p is ton  w hich perform s 30 strokes in a m inute, d isplacing  two and  
a  h a lf litres per stroke. A  pum p of th is k ind  can effect a  rarefaction of the 
a ir  co rrespond ing  to  the  a ltitu d e  o f the  h ighest m ountains on  the  globe. 
D uring  rarefaction, th e  air is continually  renew ed w ithin th e  cham ber, because 
in one part, w hich is n o t seen in  the  figure, there  is a  tap  w hich adm its 
a  cu rren t o f air. T h e  in te rna l depression  is effected nevertheless because the 
p um p  takes away m ore a ir than  en ters by th e  tap. T h e  afflux o f fresh air is 
no t only con tinuous, b u t also m ore ab u n d an t th an  is necessary for m an ’s 
b reath ing . W e have repeated ly  analysed th e  a ir in th e  pneum atic  cham ber, 
a n d  even w hen it was very m uch rarefied, an d  the  supply of fresh a ir therefore 
reduced  to a  m inim um , we found  th a t after th e  experim ent had  con tinued  for 
a n  hour, th e  carbon ic  acid  d id  n o t surpass one p e r cent, o f th e  air. In  
sum m er, w henever it was necessary to  cool the air, th is was effected by letting  
it  pass th rough  a  frigorifie m ix ture  by m eans o f a  serpen tine  p ipe o f lead. Two 
m ercurial m anom eters, th e  one outside, as is seen in  Fig. 57 a t th e  right hand, 
an d  th e  o th er inside, ind ica ted  th e  pressure.
I I .
T ill now physiology has p rofited  little  by balloon ascents an d  indeed  one 
can  u n d ers tan d  th a t th e  necessary calm  for m inu te investigations on m an is 
lacking, w hen one finds o n e ’s self floating th rough  th e  air. T h e  restric ted  
space, too, an d  th e  m otion  o f the car are  serious an d  perhaps insuperable  
difficulties. F o r a  long tim e, therefore, we m ust co n ten t ourselves with 
artific ia l ascents, as I  call th e  experim ents m ade w ith rarefied a ir in  the 
p n eum atic  cham ber.
I n  the  laboratory  o f th e  Sorbonne, P au l B e r t1 construc ted  a  large pneu ­
m atic cham ber in  w hich he  an d  his friends endu red  a rarefaction  o f the air 
co rrespond ing  to  an  a ltitu d e  o f 8,000 m etres. G. von Liebig, Speck, 
K ronecker, Zuntz, Lœw y an d  o thers have m ade use o f sim ilar apparatus.
A s th e  one  I  have constructed  is very econom ical, I  hope it m ay facilitate 
th e  study  of m ountain-sickness a n d  ren d er unnecessary  th e  exposure to  the 
in tense  co ld  w hich prevails in  th e  h igher regions of the air.
In  1875 th e  aeronau ts C roce Spinelli an d  Sivel d ied  in  a balloon  a t 
a  he igh t o f 8,540 m etres, as was found  on th e  opening  of the barom etric  tubes 
w hich had  been  given them  by Jan ssen .2 W hat was th e  cause of the ir dea th  
a t  a  relatively low a ltitu d e  I find it im possib le to  say. T h is  expedition  o f the 
Z en ith  has been  severely critic ised ,3 bu t th e  dea th  of C roce Spinelli and  Sivel 
still rem ains a m ystery. W e can n o t say th a t th e  ascen t was too  rapid, because 
my b ro th er an d  I have repeated ly  been  sub jected , w ithin a  space of tim e four 
tim es less, to  a  barom etric  depression  in  the  pneum atic  cham ber corresponding  
to  an  a ltitude  o f 7,400 m etres, scarcely 1,000 m etres less, th a t is, than  
th e  heigh t a t w hich th e  two aeronau ts m et the ir death .
T h e  action  of th e  co ld  m ay have been  a partial, bu t certain ly  canno t have 
been  th e  only cause of th e ir death , because a t an a ltitude  of 7,000 m etres the 
tem pera tu re  was only — io°. I t  is my opin ion  th a t apprehension  rapidly 
exhausts the nervous system  an d  aggravates in  an  unexpected  m anner the 
effects o f th e  barom etric  depression. T h ere  is a  w hole unconscious psychology, 
a  w hole w orld o f em otions w hich courageous persons m ay keep  u n d er control
1 P . Bert, La pression barométrique, p. 631. - Op. cit., p. 1067.
3 L. Germ e, Recherches sur les lois de la circulation pulmonaire. Paris, 1895, p. 354
and  hide, b u t w hich refuse to  be suppressed  an d  exhaust th e  po ten tia l energy 
o f the indiv idual. P erhaps these  concealed  ravages provoked  th e  sudden  o u t­
break  o f m ountain-sickness in  its w orst form before th e  rarefaction  o f the  air 
was such as to  be a lone  sufficient to  cause death .
E ven  in th e  pneum atic  cham ber serious phenom ena  are  som etim es 
observable w hich are  n o t p ropo rtiona te  to  the rarefaction  o f the air, an d  
w hich are  probably  due  to  unconscious fear. A s a  p roo f o f th is I  com m uni­
ca te  an  experim ent o f Pau l Bert. O n th e  24th February , 1874, he  en tered  the 
pneum atic  cham ber a t 2.37 p .m . w ith a  bag of a ir very rich  in  oxygen. A fter 
thirty-five m inutes th e  rarefaction of the a ir co rresponded  to  a  he igh t o f 4 ^ 5 0  
m etres, th e  barom etric  read ing  being 450 mm . T h e  pu lse  rose from  64 to  84 
beats per m inute , an d  B ert had  a  sensation  o f nausea. T w o m inutes later, 
while the pressure was still 450 m m ., he  began to  feel dizzy an d  to see 
indistinctly .
A fter one h o u r in th e  pneum atic  cham ber, B ert felt a  convulsive trem bling  
in the calves o f his legs an d  in th e  m uscles o f th e  thighs. H is  cond ition  a t 
3.57 p.m ., w hen th e  p ressure was 420 mm . (w hich co rresponds to  th e  heigh t 
of M ont B lanc), he describes as follows : “  I  felt unw ell ; having dete rm ined  
th e  n u m b er o f my pulsations in  tw enty seconds to  be 28, I  had  the greatest 
difficulty in m ultiplying this num ber by three, an d  I  w rote in my notebook  
d ifficu lt to ca lcu la te .” 1
A n artificial ascen t is therefore no t so harm less an  experim en t as it seem s 
a t first sight, bu t luckily no t all a re  so suscep tib le  to  the action  o f rarefied  air 
as B ert was in th is case. Im p o rtan t experim ents w ere m ade in  the sum m er 
of 1891 by Professor H ugo  K ro n eck e r2 in  th e  pneum atic  cham ber o f S chöneck  
near B eckenried. H e  says th a t a fter having sub jec ted  h im self to  a  p ressure 
of 450 mm ., w hich corresponds to  the heigh t o f the B reithorn , he  suffered for 
a lm ost two days from  feverish sensations accom pan ied  by heaviness o f the 
head. T h e  experim ent was repeated  several tim es, an d  on th e  fou rteen th  day 
he d id  no t feel h im self in any way affected. O n th e  first day, after th ree  
m inu tes’ exercise in  stair-clim bing on  a  special appara tus in  the pneum atic  
cham ber (barom etric  heigh t : 450 m m .), dizziness an d  difficulty in  b reath ing  
preven ted  the  con tinuation  o f the experim ent. O n th e  fou rteen th  day  the 
sam e exercise a t th e  sam e pressure (w hich co rresponds to  a  height o f 4,173 
m etres) could  be con tinued  w ith th e  sam e ease as in ord inary  air. W e see 
from these experim ents th a t P rofessor K ro n eck er is likewise very sensitive to  
d im in ished  barom etric  p ressure ; nevertheless his organism  easily accustom ed 
itself to the depression, a  resu lt p robab ly  of th e  rap id  ad ap ta tion  o f th e  
nervous system  to  the rarefied air.
T h e  fact th a t P au l B ert suffered from  m ountain-sickness before the  
pressure was reduced  to  41 cen tim etres, shows th a t th e  theory  o f F raenkel 
a n d  G eppert is no t qu ite  correct. A ccord ing  to  this theory  th e  b lood  o f 
a  dog retains all its oxygen dow n to a  p ressure o f 41 cen tim etres. E ven  w ere 
we to  g ran t provisionally th a t th is s ta tem en t holds good  in  th e  case o f m an 
also (w hich has no t yet been proved), th e  fact th a t m ountain-sickness b reaks 
ou t a t a ltitudes co rresponding  to  a  h igher pressure th an  41 centim etres, 
w ithout the add itional e lem en t o f fatigue, w ould oblige us to  seek an o th e r 
explanation .
1 Op. cit., p. 752.
2 H . K ronecker, Ueber die Bergkrankheit m it Bezug a u f  die Jungfraubahn. Bern, 1894.
I I I .
In  balloon-ascents, as th e re  is no  fatigue resulting  from  m ovem ent, th e  
p h en o m en a  caused by th e  rarefaction  of th e  a ir appear in general m uch later, 
a n d  it is said th a t a  heigh t doub le  th a t o f th e  m oun ta ins m ust be reached  
before co rresponding  sym ptom s of indisposition  are  felt. T h is  sta tem en t is 
confirm ed  by the  experience of m y bro ther, who, a t an  a ltitude  of 3,620 
m etres, in  G nifetti H u t, felt ab o u t th e  sam e degree o f indisposition  as a t the 
artificial a ltitude  o f 7,400 m etres in the pneum atic  cham ber.
O n the  22nd February , 1895, w ishing to determ ine  a t  w hat pressure 
artificial m ountain-sickness begins, my b ro ther rem ained  in  th e  pneum atic  
cham ber un til th e  rarefaction  o f the  air co rresponded  to  th e  barom etric  heigh t 
o f  31 centim etres, w hich is equal to  an a ltitu d e  o f 7,141 m etres. H e  d id  no t 
suffer from  dizziness, b u t felt his m en ta l faculties b lun ted , an d  he  h ad  som e 
difficulty in  read ing  th e  seconds o f th e  w atch. T w ice he  was un ab le  to  
co u n t h is pu lse  in  spite o f th e  concen tra tion  o f his a tten tion . H is  h a n d ­
w riting was m uch  a ltered , an d  his m em ory w eakened ; he  forgot w hat 
observation  he  had  in tended  to  m ake, an d  on com ing ou t o f the  cham ber 
he had  only a  partia l recollection  o f his cond ition  a t g reat depressions. A t 
th e  beg inn ing  o f th e  ind isposition  his eyes becam e dull an d  h is face m ore 
serious an d  apathe tic .
D uring  these experim ents a t g reat depressions the  psychic phenom ena 
w hich cam e u n d er ou r no tice  seem ed to  us the  m ost striking. E very little  
m ischance w hich occurred  d u ring  an  experim ent becam e to  us an  in su r­
m oun tab le  obstacle. E ven  th e  m ost insignificant c ircum stance, such as 
le tting  fall a  lead  pencil, proved  an  effectual h ind rance , for e ither we had  
no  desire to  p ick it up, or else it d id  n o t occur to  us th a t th e  trifling exertion  
o f stooping  to recover it w ould enab le  us to  co n tinue  th e  experim ent.
I  have a  collection  o f no tes w ritten  by various ind iv iduals u n d er these 
cond itions w hich w ould certain ly  in terest psychologists, b u t w hich lack of 
space p reven ts m y inserting.
D r. Z. T reves an d  D r. D add i also en d u red  th e  rarefaction  of th e  air 
un til th e  first sym ptom s o f ind isposition— nausea, palp ita tion , drow siness, 
an d  trem bling— appeared  a t a ltitudes betw een 6,000 an d  7,000 m etres. 
T h ese  experim ents could  be  in te rru p ted  by th e  sub jec t a t  will by tu rn ing  a  
tap  in  the  in terio r o f the  cham ber. N otw ithstand ing  th is facility it never 
h appened  th a t one of us ad m itted  a cu rren t o f ou tside air in o rder to  relieve 
h is condition . P erhaps th e  depression  o f the nervous system  gradually  
renders us indifferent. Som e, as though  rousing them selves from a sleep, 
com plained  all a t once of indisposition . T h u s  D r. D addi, w hen th e  pressure 
was 340 m m . (corresponding  to  an  a ltitu d e  of 6,500 m etres, the height of 
C him borazo), suddenly  w rote : “  I  fe e l very ill, I  need  . . . ” a fter w hich 
cam e an  undecipherab le  word, w hich m ight m ean  either “ a ir ” o r “  to 
becom e.” 1 E ven before he  raised th e  leaf up to  the  w indow for m e to  
read , I  h ad  understood , because he  h ad  tu rned  pale  an d  his hands trem bled  
as he  wrote. I  therefore im m ediately  tu rn ed  th e  tap  so as to adm it a strong  
cu rren t o f air.
W hen  th e  p ressure was 540 m m ., he  sm ilingly inform ed us th a t he was 
feeling better, an d  th a t we m ight increase th e  p ressure m ore slowly.
D r. D ad d i’s norm al resp iration  a t 3.25 p.m ., a fter sitting  for an ho u r near 
th e  bell, was tw enty in  the  m inute. U n til th e  barom etric  heigh t was 380 mm .
1 I tal. Vento =  air. Diventare — to become.
he h ad  felt well. Sudden ly  a t a  p ressure o f 360 m m . he  began to  feel his 
tem ples com pressed  as w ith a  band , an  oppression in the  epigastrium  and  
painful palp ita tion . N o t only d id  his hea rt bea t m ore forcibly th an  usual, 
b u t th is accelera ted  pu lsa tion  was accom pan ied  by ac tua l pain. T h en  trem ­
bling  a n d  dizziness seized him . I t  was th en  th a t he  decided  to  ask  for help. 
T h e  rate  o f th e  pulse h ad  risen from  80 to 92 beats per m inu te  w hen he 
began to  feel ill. T h e  ra te  o f b rea th ing  d id  n o t change. W hen  th e  subject 
cam e ou t o f the  bell the pu lse only bea t 73 tim es in  th e  m inute . H e  began 
to walk up  an d  dow n in th e  room , an d  rem arked  th a t th e  floor seem ed less 
h ard  to  him , an d  th a t p robab ly  th e  sensibility  o f his legs was slightly 
d im in ished . Im m ed ia te ly  afterw ards, how ever, th is  phenom enon  dis­
appeared .
IV .
C esare L asagno, a  b lack sm ith ’s ap p ren tice  fourteen  years o f age, fell from 
th e  second storey while he  was lean ing  on  his stom ach  over th e  banisters, and  
sliding dow n as boys do, an d  received a  w ound in  th e  m idd le  o f th e  forehead
A
B
c
F i g .  58.— Cesare Lasagno.— Cerebral pulse.— A . N orm al curve. B . Curve of cerebral pulse 
taken when the rarefaction of the air corresponded to an altitude o f 5,111 metres, c. 
Subsequent norm al curve.
w ith a  fracture  o f th e  skull. H e  was carried  to  th e  hosp ita l and  trea ted  by 
P rofessor C arle. W hen he  cam e to  m y in s titu te  in  O ctober, two m onths had  
passed since th e  acciden t, an d  th e  w ound h ad  becom e a pu lsating  cicatrice. 
I  app lied  a  gu tta-percha cap to  his head , an d  took  the curve o f th e  cerebral 
pulse w hich is show n in A o f Fig. 58. In  order to register th e  cerebral pulse 
in rarefied air, I  p laced  a  large glass bell o f th e  capacity  o f 60 litres on  a 
m arb le  slab as is show n in Fig. 57 ; th e  rim  o f th e  bell was g round, so th a t 
w ith the  application  of a  little  grease, a  herm etic  c losure was effected betw een 
it an d  th e  slab. U n d er th e  bell was a  sm oked  cylinder o f w hich th e  axis 
could  be m ade to  tu rn  from  th e  outside. In  Fig. 57 we see th a t the  axis o f 
th e  cylinder is fu rn ished a t its base w ith a  pulley o f w ood round  w hich a  cord 
runs ; a  sim ilar pulley was p laced  in  th e  axis o f a  clock-work apparatus, no t 
visible in the  figure, w hich tran sm itted  th e  ro ta to ry  m ovem ent to  the cylinder. 
A  m etal tu b e  w ith an  inner lin ing o f greased tow effects the  herm etic  closure 
o f the  bell in th a t p art w here the  axis tu rns. T h ese  arrangem ents enab led
m e to take  th e  pulse-curve in an  appara tus s itua ted  ou ts ide  o f th e  pneum atic  
cham ber w hich I  cou ld  m anipulate, m odifying its velocity, s topping  it or 
pu tting  it in  m otion, unknow n to  th e  sub jec t w ithin th e  cham ber.
W hile th e  a ir was being  rarefied in  th e  pneum atic  cham ber a  co rresponding  
rarefaction  proceeded  u nder the glass bell, for by m eans o f a  tu b e  m ade of 
th ick  ind ia-rubber a  com m unication  betw een th e  two receptacles was 
established.
T h e  m ovem ents o f th e  brain  were tran sm itted  to  the  registering tym panum  
w ithin the glass bell by m eans o f an o th e r ind ia-rubber tu b e  w hich passed 
th rough  the  side o f th e  pneum atic  cham ber an d  th rough  th e  neck  of th e  glass 
bell. C are was o f course taken  to  close herm etically  th e  apertu res o f passage. 
A  w ater-valve p laced  w ith in  the cham ber as a  co n tinua tion  o f th e  tube  w hich 
passed from  th e  brain  to  th e  cylinder allow ed of th e  expansion of th e  a ir in 
th e  capsule an d  above th e  b rain  in  p roportion  as th e  barom etric  pressure 
decreased . In  th is way the pressure rem ained  th e  sam e in the glass bell and  
in  th e  pneum atic  cham ber. I  was thus enab led  to  follow every m ovem ent o f 
th e  cerebral pulse an d  circulation  w ithout being obliged to  en te r th e  cham ber, 
in w hich case th e  altera tion  of th e  air p roduced  by th e  b rea th ing  of two 
persons w ould have rendered  th e  experim ent m ore difficult, perhaps even 
im possible.
T h e  curve b o f Fig. 58 was taken  w hile L asagno was sub jec ted  to  a 
p ressure o f 400 mm . (corresponding  to  an  a ltitu d e  of 5,111 m etres, the 
external p ressure being 740 m m .). T h e  ra te  o f breath ing , w hich was a t first 
28 to  30 per m inute, had  fallen to 22 an d  24. T h e  pulse, on the  contrary , had  
increased  from  80 to  89 beats per m inute.
T h e  atm ospheric  p ressure o f 740 m m . being  re-established w ithin the 
cham ber, th e  last curve c  (Fig. 58) was taken. I n  it we see th a t th e  cerebral 
pulse h ad  recovered  th e  ra te  an d  heigh t w hich it h ad  a t the beginning o f the 
experim ent. T h e  ra te  o f b reath ing  was 20 to 22 in the  m inute.
I f  we exam ine these curves w ith a  m agnifying glass th e  difference betw een 
th e  curve o f th e  brain-pulse in  rarefied air an d  a t an  ord inary  atm ospheric 
p ressure becom es evident. N orm ally  th e  apex o f th e  b rain  pulsations presents 
th ree points, as I  have show n in  my first w ork on th e  circu lation  of th e  blood 
in  th e  brain. I n  the curve b , w ritten  during  th e  action  of th e  rarefied air, 
th e  d icrotism  appears low er dow n an d  th e  pulse is no longer anacrotic. T h is  
change m ay be due to  a  relaxation o f th e  walls o f the  blood-vessels an d  to  a 
d im inu tion  o f the ir tonicity . A  very slight increase in  the volum e of the 
brain, w hich gradually  d isappeared  w hile th e  p ressure w ith in  the cham ber 
con tinued  a t 400 mm ., was in  fact observable.
T h e  s ta tem en t th a t th e  cerebral vaso-m otor cen tre  is likewise less active 
in rarefied air w ould thus seem  to receive confirm ation. T h e  augm entation  
in th e  frequency o f the pulse, unfailingly observed in  persons in th e  pneum atic  
cham ber, is also due  to  a paralysis o f th e  cen tre  w hence th e  nerves which 
slacken th e  beating  of th e  heart b ranch  off.
T h e  observations m ade on C esare L asagno enab le  m e to  affirm tha t the 
d im in ished  barom etric  p ressure produces n e ither congestion  n o r cerebral 
anæ m ia. T h e  causes o f m ountain-sickness are therefore n o t to  be sought in 
a  change of th e  cerebral c irculation  ; they  are  deeper-seated  an d  are  o f a 
chem ical nature . I t  is the vitality of- the nerve-cells in  th e  m ost im portan t 
vital cen tres w hich becom es m odified a t g rea t a ltitudes ow ing to  o ther causes, 
not to  a  d is tu rbance  o f th e  cerebral circulation.
I f  the  augm entation  in  th e  volum e o f th e  b ra in  du ring  th e  action  of rare­
fied a ir was only slight, th is m ust be ascribed  to  a w eakening o f th e  heart. 
In  no o th er way can  I explain th e  absence  o f a  g reater d ila ta tion  o f the 
blood-vessels, w hile the ir tonicity  d im in ished . T h e  pulse was sm aller and  
m ore rapid, I therefore  consider it p robab le  th a t th e  force o f th e  cardiac 
contrac tions d im in ished  a t the sam e lim e as th e  activity  o f the  vaso-m otor 
nerves in the  brain  decreased.
As far as th e  artificial a ltitude  of 5,111 m etres th e  circulation  o f th e  b lood 
in  th e  b rain  o f th e  lad  L asagno  underw en t only a  very slight m odification. 
I d id  no t wish to  sub ject him  to a g rea ter rarefaction of th e  air, fearing, th a t 
as I cou ld  no t be beside h im  in th e  pneum atic  cham ber, he  w ould be 
frightened w hen he  began to  feel unwell. T h ere  was therefore, as rem arked , 
no  ind ication  of congestion or anæ m ia consequen t on the d im inution  of the 
barom etric  pressure, th e  only a lteration  w hich appeared  being th e  slight 
d im inu tion  in  th e  ton icity  o f th e  blood-vessels o f th e  brain . In  o rder to 
explain m ountain-sickness we m ust ad d  to  th e  phen o m en a  already  considered  
in th e  first chapters, nam ely, inc ip ien t paralysis o f th e  respiratory  m uscles 
an d  o f th e  heart, these o th er phenom ena  ind icating  a d im in ished  activity of 
the nerve-centres, th e  failure o f th e  m em ory, th e  psychic depression observed 
during  artificial ascen ts an d  th e  paralysis o f th e  blood-vessels o f th e  brain , o f 
w hich a p roof was fu rn ished  by the experim ent on th e  youth  Lasagno.
A ll these facts, w hich agree w ith each other, serve as basis for a  theory 
o f m ountain-sickness in w hich the depression  o f th e  nerve-centres is recog­
nised  as th e  principal cause of the  phen o m en a  observed.
V.
In  order to  see w hat changes take p lace in living organism s w hen the 
p roportion  o f oxygen in  the a ir is d im in ished , w hile the atm ospheric  pressure 
rem ains the  sam e, I m ade a  series o f experim ents on m an  an d  an im als in 
w hich artific ia l a ir  was b rea thed . By artific ia l a ir  I  m ean  air d ilu ted  
with azote (as w ine is d ilu ted  w ith water, if I  m ay be allow ed to  com pare 
w ine to  a ir an d  w ater to  azote), o r a ir from w hich a po rtion  of oxygen 
has been sub tracted . In  th is way we can ob ta in  an  artificial a ir o f any  given 
degree of rarefaction. W hatever p recau tions m ay be taken  in  following o ther 
m ethods, it is only by m eans o f artificial a ir th a t we can elim inate  the 
m echanical p ressure ind ica ted  by the barom eter, an d  thus study  th e  chem ical 
effects due  to  a  lack o f oxygen ap a rt from  all o thers. I t  is know n tha t 
in 100 parts o f air, 2 0 7 8  are  oxygen and  7g"22 azote (roughly speaking we say 
the air con ta ins 21 parts  oxygen an d  79 parts  azote). I f  we fill a  tu b e  of 
iron (in size and  form resem bling th e  barrel o f a  gun) w ith copper filings, 
then  hea t it un til it becom es red  an d  finally send  a  cu rren t o f a ir th rough  it, 
th e  oxygen com bines w ith th e  copper an d  from th e  fu rther end  o f th e  tube  
issues pu re  azote, w hich is then  collected  in  a  gas-m eter resem bling  th e  one 
show n in Fig. 59.
Before try ing th e  effect o f artificial a ir on m an, I  m ade som e experim ents 
on anim als. I  com m unicate  one of these  in order to  show  the  m odifications 
taking place in an organism  in extrem ely rarefied air, w hen the barom etric  
heigh t is only 16 centim etres.
February , 1895. Barometric reading, 743 mm. Tem perature, 160. A  little dog 
weighing 2,500 gram s was put under a  large glass bell such as that shown in Fig. 57. 
As he was accustomed to similar experim ents he lay down on the towel we had put inside
and curled him self up as though to sleep. After he had  been quite still for about ten 
m inutes, I counted the num ber of respiratory m ovem ents every m inute in succession for a 
quarter o f an hour. T h e  results ran as follows :—
16, 17, 16, 18, 16, 16, 17, 16, 19, 16, 15, 15, 14, 15, 14.
I then effected a  rarefaction of the air until the pressure w ithin the bell was only 334 
m m ., which corresponds to an altitude o f 6,571 m etres. T he breathing became more 
rapid and m ore forcible. T he dog got up a t first and  then lay down again, his nose to 
his tail, as dogs do when they w ant to sleep. T he respiration had  become quicker when 
the dog moved, it then dim inished again in frequency so th a t the successive counting 
for every m inute o f a  quarter o f an hour gave the following results :—
18, 20, 21, 25, 20, 26, 20, 18, 19, 20, 26, 22, 24, 23, 24.
T he anim al was now quiet and seemed asleep. I increased the depression in order 
to produce a  sta te in the dog resembling, as far as possible, mountain-sickness. T he 
barom etric reading was now 243 111111. which corresponds to an altitude o f 8,500 metres.
A  gas-m eter placed a t the point o f entrance of the air indicated tha t every minute 
five litres o f air were let into the bell, a  quantity  sufficient to ensure the purity  of the 
inner atm osphere. T he dog got up again, showing signs o f indisposition and lassitude, and 
then lay down once more. Respiration : 26, 26, 25, 41, 42. T he anim al was evidently 
suffering, he tried to get up but could not. Irregular breathing, first 38 then 25 movements 
per m inute. H e  contracted the corners o f his mouth when breathing inwards.
T he rarefaction o f the air was continued until the barom eter m arked 250 mm., the baro­
m etric pressure being thus reduced by two-thirds.
Breathing : 21, 22, 23, 24, 32, 37, 41, 39, 44, 40, 40, 38, 36.
T he pressure was then further diminished to 162 mm. Breathing, 37 per m inute. 
T he dog had  an attack  o f convulsions and expelled urine. B reathing : 106, 69, 70. T he 
anim al then again fell into a  fit and forcibly extended his limbs. B reathing deep. E xpul­
sion of fæces. T he dog then squealed. Tw o m inutes later, as I  noticed that the breathing 
had become weaker and slower, I  adm itted a  supply of air as I feared the anim al m ight 
succumb. H e recovered a t once. W hen placed on the ground he w alked w ith difficulty, 
his legs evidently being insensible. In  three or four m inutes he had regained his normal 
aspect.
Experiment with artificial air.
W e prepared 300 litres o f artificial a ir corresponding to the barom etric pressure o f 162 
mm. W ith the aid o f special apparatus m ade according to H em pel’s model, we analysed 
the  air contained in the big gas-m eter and found that it only contained 4-5 parts o f oxygen 
in 100, instead of 21.
O n the next day at the same tim e we again put the dog under the glass bell and 
counted the respiratory movements every m inute for several m inutes in succession, obtaining 
the following num bers :—
15, 14, 14, 15, 14, 15, 14, 14, 15-
W hen we had assured ourselves tha t all was in order the tap  of the gas-m eter was 
opened. In  order to prevent the im m ediate entrance of the artificial air into the bell 
we caused it to pass through a large bottle o f the capacity o f six litres, like the one seen 
in Fig. 59. By means o f a  m eter we ascertained that four litres o f a ir passed through 
the bell per minute.
W hen we were convinced that all the air had  been renewed, and that the dog was really 
breathing an air which contained as much oxygen for its volume as possible a t a  barom etric 
height o f 16 cem tim etres, we observed that the anim al’s breathing was becoming more and 
more frequent and more am ple, as may be seen from the following num bers w ritten for 
several m inutes in succession :—
17, 18, 20, 23, 30, 41.
T he breathing was so laboured th a t the anim al moved the corners of the mouth at 
every inspiration. H e lay curled up w ith closed eyes and sighed from time to time. 
T hen he was seized w ith convulsions, squealed, staggered to his feet and expelled urine. 
After the lapse of a  m inute he seemed better and fell into a  doze. Breathing, first 82, 
then 70, then 69 per minute.
E ight m inutes after the first attack  of convulsions another occurred.
T he animal squealed * and stretched his legs in tetanic tension. H is tongue, which 
was paler than usual and slightly cyanotic, hung out o f his m outh. l i e  seemed unconscious. 
Tw o attacks of convulsions followed with an interval o f  one m inute between ; the dog 
squealed and expelled fæces. Breathing irregular, about 80 in the minute.
After the dog had breathed this artificial air for ha lf an hour the experim ent was 
suspended.
W hen the ordinary pressure was re-established the anim al did not im m ediately rise ; his 
condition had, however, already improved. W hen he was put on the ground, he  kep t his 
legs but w alked with difficulty, and one could see from the m anner in w hich he pressed his 
paws on the ground that his legs were insensible.
A rtificial air, owing to  its rarefaction , p roduces th e  sam e effects as those  
due  to  a  d im inu tion  of barom etric  p ressure. W e m ay therefore conclude 
th a t m ountain-sickness is no t caused by th e  m echanical action  o r th e  
d im in ished  w eight o f th e  a tm osphere , b u t by its rarefaction, w hich acts 
chem ically  on th e  m etabolism  o f th e  nervous system .
V I.
E m anuele  F avre is a  boy th irteen  years o f age, who cam e from  Savoie 
to  T u rin  in o rder to  receive m edical trea tm en t from Prof. C arle  a t th e  H osp ita l 
M auriziano. W hile he lp ing  his m aster to  chop  w ood in  a  forest near 
B ram ant, by laying th e  b ranches on th e  b lock, he  h ad  b en t too far forwards 
an d  th e  axe o f th e  m aster struck  him  on th e  head. H e  fell unconscious 
to  the ground, bu t recovered his senses shortly  afterw ards and  was able, 
being supported  u n d er th e  arm s, to  walk several k ilom etres to h is hom e.
W hen I saw th is boy he was a lm ost cured, b u t th e  g reat gash in  the 
skull still show ed th e  pulsations o f the  brain . I  app lied  to  his head  a  gu tta­
percha  cap which, greased  ro u n d  th e  rim  w ith vaseline, closed  herm etically  
round  the edges o f th e  w ound. A n ind ia-rubber tube, as is seen in  the 
figure, tran sm itted  th e  m ovem ents o f th e  b ra in  th rough  th e  m edium  o f th e  
air to  a  registering  tym panum . A s I ob ta ined  excellent curves o f th e  
cerebral circu lation , I de te rm ined  to  study th e  m odifications w hich take 
p lace in  th e  b rain  w hen we b rea the  a ir con ta in ing  only h a lf  th e  usual 
am oun t o f oxygen.
In to  a  large gas-m eter, such  as is seen in  Fig. 59, I  ad m itted  300 
litres o f air, to  w hich were then  ad d ed  300 litres o f azote o b ta ined  in th e  
m an n er a lready m en tioned . In  every litre o f th is artificial a ir was only half 
th e  quan tity  o f oxygen con ta ined  in a  litre  o f ord inary  air. In  b rea th ing  th is 
a ir the  sam e am oun t o f oxygen is supplied  to  th e  lungs as w ould be 
in troduced  in to  them  in an  atm osphere  reduced  by one-half, a t an a ltitude, 
th a t is, o f 5,520 m etres. T h is  experim ent excited  our keenest in terest, as 
we w ere thus enab led  to  observe the  chem ical action  o f th e  rarefied  air on 
m an apart from  its m echanical action . T h ere  is, in fact, no o th er way o f 
avoiding th e  reduction  o f th e  barom etric  p ressure an d  yet o f  d im inishing 
by one-half, the am oun t o f oxygen inhaled . In  spite, therefore, o f the 
ted ious w ork necessary to  fill th e  large gas-m eter w ith artificial air, we 
prepared  sufficient azote to  fill it twice. W e were th u s ab le  to  repeat 
the in teresting  experim ent on the  boy F avre th ree  tim es.
So as no t to  let h im  breathe  a t once a ir deprived  o f h a lf its oxygen, 
I  in terca la ted  two large bo ttles full o f  air, one o f w hich m ay be  seen in 
Fig. 59. A  portion  of th e  artificial a ir con ta ined  in  th e  gas-m eter was allow ed 
to mix w ith the ord inary  air con ta ined  in these bottles. Every  fresh supply 
o f artificial a ir from  the  gas-m eter expelled a  fu rther am oun t o f norm al 
a ir so th a t th a t inhaled  by the sub ject becam e gradually  poorer in  oxygen.
T h e  w eight o f th e  zinc bell was sufficient to  keep up  the cu rren t o f arti­
ficial a ir which, by m eans o f a th ick  forked tube, was led  from  th e  large b o ttle
u n d e r the  gu tta-percha m ask m ade expressly to  fit the  face o f th e  boy Favre. 
By m eans of p u tty  th e  m ask was m ade to  close herm etically  ro u n d  th e  bones 
o f th e  nose, th e  cheeks, an d  the  chin. A  bandage fastened a t th e  back  of 
th e  neck  kep t th e  m ask in its place, as m ay be seen in Fig. 59. T h e  expired 
a ir issued th rough  a th ick  ind ia-rubber tu b e  several m etres in  length , w hich is 
seen on  the tab le  in th e  figure. In  adop ting  this m ethod  I  had  been  ab le  to 
do  w ithout th e  valves. A  constan t cu rren t o f artificial a ir being kep t up in 
th e  tube  w hich carried  th e  air from the  gas-m eter to  th e  mask, an d  the  
rap id ity  w ith w hich th e  air issued from  th e  gas-m eter being determ ined  by 
m eans o f a  b o ttle  o f lye, I  was sure th a t only artificial a ir could en te r the  
lungs a t every inspiration.
F i g . 59.— Em anuele Favre. Registration of the cerebral pulse during the respiration of
artificial air.
T h is  appara tus h ad  the advantage o f ac ting  u n d er a lm ost no pressure. 
Every  experim ent lasted  ab o u t h a lf an  hour.
T h e  u pper curve of Fig. 60 is th a t o f the norm al b rain-pulse registered  on 
a  ro ta ting  cylinder. Favre was b rea th ing  twelve tim es in  th e  m inu te  ; we had  
to ld  him  to m ake a  sign w ith the  h an d  w hen he w ished us to  leave off, an d  we 
should  do  so a t once. T h e  experim ent w hich I here  com m unicate  was the  
th ird  an d  last. A s th e  boy knew  by th is tim e w hat ou r purpose was, the 
em otion  o f fear was a lm ost entirely  excluded. W hen he  began to  b reathe 
th e  artificial a ir th e re  was a slight augm enta tion  in th e  volum e o f th e  brain, 
a n d  after a  few m inutes a  d im inution . T h e  second  curve o f Fig. 60 was
< »
traced  d u ring  th is  period  o f de­
crease in  th e  volum e o f  th e  brain  
a n d  shortly  before th e  respiration  
o f th e  artificial a ir ceased. W e 
took  th e  m ask off Favre as soon 
as th is curve was registered  ; he  
then  to ld  us th a t he  felt as though  
h e  w ere d runk , th a t he  cou ld  no t 
h ea r so well as before because  of 
a  singing in  h is ears, an d  th a t he  
h ad  a  headache.
In  th is experim en t w ith arti­
ficial a ir there  was th e  sam e aug­
m en ta tion  in  th e  ra te  o f th e  cardiac 
m ovem ents, an d  th e  sam e decrease 
in th e  frequency o f th e  respiratory  
m ovem ents as in th e  experim ents 
w ith rarefied  a ir in  th e  pneum atic  
cham ber, in  w hich th e  b reath ing , 
consequen t on  th e  depression, first 
becom es qu icker an d  afterw ards 
slower. F av re’s norm al ra te  of 
b rea th ing  was 12 to  13 per m inu te  : 
du ring  th e  resp iration  o f artificial 
a ir th e  ra te  sank  to  10 an d  11 
m ovem ents in  th e  m inute . T h is  
seem s a t first sight a  paradox, 
because, as th e  am o u n t o f oxygen 
b rea th ed  by th is sub jec t was re­
duced  by one-half, th e  frequency 
o f  th e  respiratory  m ovem ents 
shou ld  have becom e doubled . 
T h is, how ever, I  d id  no t find to  
b e  th e  case, e ither in  th is experi­
m en t o r on M onte  R osa, as I 
have already m en tioned  in C hap ter
I I I .  N eith e r m ust we th in k  th a t 
th e  resp iratory  m ovem ents are  
m ore forcible ; I  convinced  m yself 
o f th e  con trary  by observing the  
thorax, an d  th e  s ta tem en t is fur­
th e r confirm ed by  an  exam ination  
o f th e  curves in  Fig. 60 endways. 
I n  th e  u pper p a rt th e  pulsations 
form, as it  were, a  festoon w hich 
answ ers to  th e  rhy thm  of th e  
respiration . T h is  influence, clearly 
seen  in th e  norm al curve a , is lack­
ing  in  th e  curve b  ow ing to  th e  
superficial character o f th e  b rea th ­
ing. T h is  is an  im p o rtan t fact, as 
it show s us th a t th e  a ir has a
depressing  effect w hen it con ta ins less oxygen. T h e  reduction  of the oxygen 
in  the air we b rea the  by one-half has therefore no t the  effect o f increasing 
th e  activity o f th e  resp irato ry  centre, on th e  con trary  th is cen tre  shows a  
d im in ished  activity  in  rarefied  air.
T h e  upper curve of F ig. 60 has tow ards th e  m iddle  a  cerebral pulsation  
w hich suddenly  sinks w hile th e  pu lsations following gradually  re tu rn  to  the 
original height. T h is  was caused by a  m ovem ent o f deglutition  on th e  p a rt 
o f th e  subject, as is p rovoked  in all o f us by th e  saliva, o therw ise th e  
pu lsations a re  ab o u t equal. D uring  th e  resp ira tion  of th e  artificial a ir we see 
th a t fou r tim es a so rt o f wave is form ed in  w hich th e  pulsations becom e 
greater. T h e  low er profile o f th e  curve b  in  Fig. 60 sinks and  form s a 
festoon. T h ese  variations a re  apparen tly  due  to  a  change in  th e  tonicity  of 
th e  blood-vessels. I n  Fig. 27 we have already seen th a t th e  blood-vessels on 
th e  sum m it o f M onte  R osa  w ere m ore u nstab le  th an  in  th e  p lain  : in  th e  
p resen t case we have a  repetition  of th e  sam e phenom enon  in  th e  b lood ­
vessels o f th e  brain . T h e  heart has becom e w eaker an d  th e  pu lsa tions o f
F i g . 61.— Continuation of the experim ent on Favre. c. Brain-pulse im mediately after the 
subject ceased to breathe the artificial air. D. Curve registered two m inutes later.
th e  brain  are  low er during  th e  resp iration  o f th e  artificial air. T h e  indications 
o f a  paralysis o f th e  vessels o f th e  b ra in  such  as was observed in  L asagno a t 
a  barom etric  depression little  different are, however, lacking.
Fig. 61 shows th e  cerebral pulse-curve in  F avre im m ediately  after th e  
m ask h ad  been  taken  off his face a t a  sign he h ad  given us to  leave off. T h e  
resp iration  has becom e deep, an d  in  th e  twelve inspiratory  m ovem ents executed  
during  th e  tracing  of th e  u pper curve we see th a t th e  volum e o f th e  brain  
d im inishes a t every inspiration , an d  increases in  th e  expiration  following. 
A fter ab o u t a  m inu te  the  b rea th ing  has becom e norm al again, th e  influence 
o f resp iration  on th e  pulsations o f th e  b ra in  d isappears, an d  th is organ, as m ay 
b e  seen in  th e  second  curve o f Fig. 61, rapidly  augm ents in  volum e.
T h e  greater he igh t o f th e  cerebral pu lsations observable  in  th is curve 
shows that, during  the  action  o f the  artificial air, th ere  h ad  been  a  d is tu rbance  
in  th e  nu trition  o f th e  brain.
T h e  m ore forcible pulsations, w hich we feel in  a  finger, for instance, on 
w hich we have received a blow, are  d u e  to  the  m ore active irrigation  w hich is 
im m ediately  set up  in  any p art o f th e  body w hich has been  in jured . A
sim ilar phenom enon  is here  observable in th e  brain , in w hich th e  hunger for 
oxygen, th e  inan ition  caused by its sub jection  to  th e  influence o f artificial air, 
calls for com pensation .
In  bo th  these persons th e  hea rt beat m ore rapidly w hen they were p laced  
in cond itions sim ilar to  those  w hich give rise to m ountain-sickness. As this 
increased  activity  was accom pan ied  by a  slackening  o f  th e  respiratory  m ove­
m ents it m ust probably  be  a ttr ib u ted  to  a paralysis o f the  vagus nerve, 
because, w hen we feel well, if  th e  heart begins to  beat m ore rapidly , th e  
b rea th ing  undergoes a  co rresponding  acceleration , w hereas here  th e  rate  
abated .
I f  we exam ine th e  curves registered  a t th e  m om ent in  w hich these two 
persons com plained  o f feeling unwell, none who have had  practice  in  sim ilar 
stud ies o f th e  circu lation  in  the b rain  w ould ven tu re  to  affirm th a t th e  changes 
observed in  the  cerebral pulse are  th e  cause o f th e  indisposition . O ur con­
clusion is, therefore, th a t th e  characteristic  m odifications observed in  th e  
sensibility, in telligence a n d  capacity  for m ovem ent in  those  who have per­
form ed ascen ts in  balloons or up  m ountains, can n o t be explained by th e  
hypothesis o f cerebral anæ m ia or congestion . T h e  b lood  circu lates in  a  
sufficient quan tity  th rough  the  brain  an d  in  a m anner little  differing from  the 
norm al as far as an a ltitude  o f 5,520 m etres.
[F. Sella.
Panoram ic view taken from the Regina M argherita H ut.
C H A P T E R  X IX
S L E E P IN E S S  D U R IN G  A S C E N T S — E X P E R IM E N T S  O N  M O N K E Y S  A N D  M A R M O TS
I.
<t T  S L E P T  as I  w alked in  spite o f th e  efforts I  m ade to  keep  m yself
aw ake ; one  o f th e  two guides experienced th e  sam e effect.” 1 Such 
was th e  cond ition  o f th e  physiologist L e  P ileu r in  crossing th e  p lateau  
to  th e  so u th  o f th e  B reithorn , ab o u t 3,600 m etres in height. Bravais an d  
M artin s  were seized by an  invincible desire  to  sleep a t  an  a ltitude  o f 3,800 
m etres on  M o n t B lanc. L o rte t, too, m entions hav ing  slep t w hile w alking on 
M o n t B lanc. Prof. F o re l o f L ausanne  suffered from  sleepiness a t an  altitude  
o f  3,400 m etres on th e  C ol du  G éan t : w hen he  was w ith in  a  q uarte r o f  an 
h o u r’s w alk from  the  Col, h e  h ad  to  stop  a n d  sleep on  th e  snow in  sp ite  o f 
th e  danger. I  m ight give o th e r in stances taken  as these are  from  th e  w ritings 
o f  physiologists, b u t th e  above suffice for ou r purpose.
O nce w hile descend ing  from  M on te  R osa, I  m et a  p arty  com ing from 
Z erm att, a t th e  foot o f D ufour P eak . I  stopped  to  ta lk  to  th e  guides and  
lea rn t th a t one gen tlem an  occasioned  th em  great anxiety, ow ing to  his
1 Le Pileur, Mémoire sur les phénomènes physiologiques qu’on observe en s’élevant a une 
certaine hauteur. Paris, 1845, p. 35.
perpetually  sleeping. T h e  case aroused  my in terest, so I in troduced  m yself 
to  th e  gentlem an, w hom  I  found  m ore annoyed  than  d isheartened . H e  had  
a bo ttle  o f sm elling-salts o f w hich h e  m ade frequen t use. H e  to ld  m e th a t 
du ring  th e  first few days he  always suffered from  sleepiness after reach ing  
an  a ltitu d e  of 3,000 m etres, b u t th a t am m oniac helped  to  keep  him  aw ake. 
T h e  guides inform ed m e th a t he w alked b e tte r near th e  crevasses an d  o th e r 
dangerous p laces as he  then  suddenly  woke up, bu t th a t as soon as the snow 
was good he began  to  lag beh ind , le tting  h im self be  pu lled  on by th e  rope, 
to  stagger sideways as though  d runk , an d  even to fall w ithout w aking up.
G enerally  speaking, we m ay say th a t a t great a ltitudes sleep is less 
continuous, a lthough  it m ay be  ju s t as p ro found  as in  th e  plain. O nly rarely 
d id  I  sleep all th rough  th e  n igh t w ithout waking, a lthough, o f course, it m ust 
be bo rne  in m ind  th a t in  th e  h u ts  th e  travellers m ust sleep together on th e  
benches, an d  tha t, in  consequence, the  m ovem ents o f one rouse the rest. 
My b ro th er slept so soundly  on M onte R osa, th a t even loud  noises failed to  
w ake him  ; once th e  m attress nex t to  h im  was changed, w hile overhead  th ere  
was, a t th e  sam e tim e, a  g reat noise, an d  yet he  d id  no t wake, b u t shortly  
afterw ards, in  sp ite  o f th e  deep  sleep he  had  been  in, he  suddenly  sat up, 
com plain ing  o f shortness o f breath . O n e’s sleep is often b roken , too, by th e  
snoring  o f o n e ’s com panions, w hich is louder than  in  th e  low lands. T hose  
who lie on their side snore less. W hen  one lies on one’s back, th e  snoring  
is rougher, as th e  soft palate  an d  uvula then  fall against th e  posterio r p art o f  
th e  pharynx. T h e  relaxation  o f th e  m uscles p roduced  by sleep, narrow s the 
space by w hich th e  air m ust pass to  the  nose, thus giving rise to  th a t noisy 
brea th ing  p roduced  by the v ibration  o f the soft palate, to  th a t p ro longed  
an d  terrib le  sound  w hich renders th e  n ights in  th e  A lpine hu ts lugubrious. 
Som e hab itua l snorers am ongst my com panions snored  m uch m ore loudly 
in th e  R egina M argherita  H u t th an  in G nifetti H u t o r in  our low er 
encam pm ents.
Snoring  is due  to  the falling o f th e  tongue, by its own weight, fu rther in to  
th e  throat. A s th e  arm s relax an d  drop, so also does th e  tongue, w hich is 
a very vo lum inous m uscle, sink in to  th e  th ro a t w hen we fall asleep.
I t  is usually  said th a t no one notices his own snoring, b u t th is is no t the 
case. I do  no t snore generally  if I  lie on my side, b u t occasionally  w hen 
resting  on my back, an d  th en  I often no tice  the m om ent w hen the  snoring 
begins. T h is  happens m ore especially on sum m er afternoons w hen I am  
overcom e by sleep. W hen  tranquilly  reclin ing I  gradually  lose conscious­
ness, b u t wake up  th e  m om ent I hear m yself snore, an d  th en  becom e aw are 
th a t m ental p ictures have been  passing before m e w hich a re  w ithout th e  least 
connection  w ith th e  form er tra in  o f though t ; th a t I have, in  fact, b een  sleeping. 
I have d eterm ined  th e  ra te  o f succession of these periods, an d  have found  
th a t scarcely two or th ree  m inutes e lapse betw een them . In  the p lain  I  have 
som e difficulty in m aking  these observations, w hereas in  th e  A lp ine  h u ts  
w hen I lie dow n on  my back  to sleep, I am  im m ediately  annoyed  by my own 
snoring. F atigue  certain ly  helps to  p roduce  th is d im inu tion  o f th e  m uscular 
tone  w hich appears on the cessation o f consciousness.
I I .
“ T h e  god o f sleep flees th e  m ore rapidly, th e  m ore arden tly  we invoke 
him . I  believe he only touched  m y lids lightly  once or tw ice.” 1
1 R e-translated from the Italian.
T h u s d id  T yndall poetically  express him self. N evertheless, A lp in ists are  
ag reed  th a t th e  n igh t is th e  m ost prosaic p art o f an  ascent. In  th e  A lpine 
refuges, w hen several parties are lodged together, one sleeps badly. T h e  
co n stan t tu rn in g  an d  sighing w hich tell o f wakefulness, th e  snoring, th e  
difficulty o f b rea th ing  in an  atm osphere  v itia ted  by the  num ber o f hum an  
beings all h erd ed  together, leave b u t a  sorry recollection  beh ind .
A  b ivouac in  th e  open  air is preferable, a n d  m ore poetical. A ll those 
w ho have h ad  to  b reak  u p  th e  g round  w ith the  p ick  in o rder to  have a  softer 
bed , w ho have sheltered  them selves from  th e  w ind in  th e  hollow o f a  rock 
an d  nestled  u n d er the ir warm sheep-skins, o r have th ru s t th e ir heads ou t o f 
th e ir sleeping-bags to  look a t th e  glittering stars o r the m oon silvering the 
A lpine peaks, will never forget th e  em otion w hich such nights, th e  happiest 
o f th e ir youth, aroused  in  th em .1
C elebra ted  A lpinists sleep little  du ring  ascents. S enato r Perazzi to ld  m e 
th a t he rested  well only once on  an  A lp ine expedition , an d  th a t was on the 
M atterhorn , in the  old h u t now full o f ice and  snow ; in  it he  had  found an 
ind ia-rubber m attress w hich had  served him  as a  bed . T yndall, w hose nam e 
will ever be connected  w ith th e  M atterhorn , has given us an accoun t o f a  
n igh t passed in th a t hum ble shelter.2
“ A  lover o f th e  m ountains and  of his k in d  h ad  con trib u ted  an  india- 
ru b b er m attress, on w hich I  lay dow n, a light b lanket be ing  throw n over me, 
w hile th e  guides and  porters w ere ro lled  u p  in  sheep-skins. T h e  m attress 
was a  poor defence against th e  cold o f the  sub jacen t rock. I  bo re  this for 
two hours, unw illing to  d is tu rb  the guides, b u t a t leng th  it becam e intolerable. 
O n learn ing  my condition , how ever, th e  good fellows w ere soon alert, and, 
fo lding a sheep-skin round  me, restored  m e gradually  to  a p leasan t tem pera­
ture. I  fell asleep, an d  found  the  guides p reparing  breakfast, an d  the 
m orning well advanced, w hen I opened  my eyes.”
N o t idle curiosity, b u t sincerest adm iration  p rom pts m e to  recall these 
inc iden ts in  th e  expeditions of the p ioneers o f m ountaineering .
T w o authors, D urier a n d  V allot, have already  w ritten  th e  story of 
the M o n t B lanc huts. Soon, I  hope, som e lover o f th e  A lps, inspired  
by th e  m em ories clinging to  th e  hu ts o f M onte R osa  an d  th e  M atterhorn , 
will pen  the h istory  of these A lp ine shelters now  rapidly  falling in to  ruins. 
A  feeling o f respect has always filled m e on approach ing  these m odest 
refuges, forsaken am ongst th e  rocks, covered w ith snow, o r full o f ice. A  
poetical, a lm ost religious sentim ent, takes possession of one in con tem plating  
these ru ins o f th e  first halting-places erec ted  by th e  conquerors o f the  Alps. 
But, unfortunate ly , there  are m ountain-clim bers o f a  coarser fibre w ho look 
upon  these old houses m erely as so m uch  com bustib le  m aterial ; in  these the 
claim s o f personal com fort leave no  room  for A lpine archaeology.
I t  w ould certain ly  be a  com m endab le  innovation , were it m ade obligatory 
by th e  s ta tu te  for th e  en ro lm en t of guides, for every party  to  carry w ith them  
sufficient wood for a  bivouac. T h is  p recau tion  is indeed  necessary, because 
in th e  m oun ta ins no one can say how th e  day m ay end. W hen a  storm  
bursts, travellers m ust rem ain  in the  huts, an d  if th e  bad  w eather continues 
they  have no  o th er m eans o f w arm ing them selves than  by burn ing  th e  tables,
1 Some Alpinists have rendered themselves celebrated by their bivouacs. See, for instance, 
Bivouacs dans les Alpes françaises. Paul Guillemin and A ndré Salvator de Quatrefages, 
Annuaire du Club A lpin Français, 1878. T hey bivouacked for a  m onth on the A lps on the 
frontier betw een Italy  and France.
2 J .  T yndall, Honrs o f Exercise in the Alps, p. 281.
benches, an d  even the  doors. A  bu n d le  o f wood, w ith a  visiting card  to 
inform  th e  nex t travellers w ho was so fo rtunate  as n o t to n eed  fuel, is the 
m ost w elcom e souvenir w hich a c lim ber can leave b eh in d  for his colleagues. 
T h e  storing-up o f fuel in  th e  hu ts should  be system atically  provided for by 
th e  sections an d  by th e  guides, as one of th e  m ost efficacious m eans for p re­
serving th e  health  an d  life o f m ountain-clim bers.
I l l
A t th e  H ô te l Riffelberg, a t th e  a ltitude  o f the C ol d ’O len, few sleep well 
the first few nights. M y friend Som m ier, n o ted  for his anthropolog ical 
stud ies an d  his travels in L apland, suffered from  sleeplessness a t a  he igh t of 
only 1,200 m etres. W hen he  arrived a t G ressoney St. Jean , he  was im m e­
diately  troub led  w ith w akefulness, w hereas in  F lo rence  he  enjoyed very 
sound  sleep.
Z untz an d  Lcewy slep t badly  a t th e  beg inn ing  o f th e  ascen t o f M onte 
R osa, an d  a ttr ib u ted  the ir w akefulness to th e  barom etric  depression  as, a t the 
O len In n , w here they  stayed, there  could  be no question  o f inadequa te  
physical com fort. O ther physiologists have m et w ith the  sam e experience.
T h ese  observations con trast w ith those, perhaps still m ore num erous, o f 
persons w ho sleep b e tte r on th e  slopes o f th e  A lps th an  in  the  lowlands. 
T h e  no tebooks in w hich for m any years I have co llected  m aterial for an 
A lpine physiology, are  full o f rem arks transcribed  from  the  v is ito rs’ album s, 
sim ilar to  th e  following, taken  from  one  o f th e  last pages :—
“ July , 1895. In  T u rin  I have som e difficulty in  falling asleep, often 
lying aw ake for an  hou r or two first. A t G ressoney la T rin ità  I  fall asleep 
as soon as I go to bed. T h e  tem pera tu re  o f th e  room  w here I  sleep  is 130 
to  150, in T u rin  it was betw een 240 an d  270.”
O ne is a t first inc lined  to th ink  th a t th e  co ld  is conducive to  sleep, b u t 
th en  how to  explain th e  fact th a t in sum m er a lm ost all o f us experience an 
irresistible desire to  sleep in  the  afternoon  ? T h e  reply  to  th e  query  is, 
I  th ink , th a t the  ligh ter sleep th rough  th e  n igh t obliges us to  doze m ore 
during  th e  day.
A slight degree o f w arm th or coolness prom otes sleep, while extrem e 
heat o r cold are  alike unfavourable. O ne o f th e  m ost d istressing  n ights 
I have ever spen t on  th e  A lps, was on th e  R occia  M elone. I slept a t an 
a ltitu d e  o f 2,824 m etres in th e  C à  d ’Asti, a  chu rch  s itua ted  a t a  greater 
height th an  any o th e r in  E urope. U n luck ily  I had  only a  light rug  an d  had  
to  lie dow n on th e  brick  paving. I endeavoured  to  shield  m yself from  th e  
co ld  by w rapping new spapers round  m y body  u n d e r my clothes, b u t the 
coldness o f my legs still p reven ted  m e from sleeping.
A  study o f the various m ethods o f p ro tecting  o n e ’s self from  th e  cold 
w ould certain ly  be valuable, b u t here  I m ust refrain from en tering  on the 
subject. T h e  ce leb ra ted  m ountain-clim ber, Zsigm ondy, private teacher o f 
surgery a t th e  U niversity  o f V ienna, has left us a  descrip tion  of h is bivouacs 
on M onte  R osa  in his book, Les dangers dans la  m ontagne.
O nce, w hen he had  s ta rted  from M acugnaga w ith th e  ob jec t o f reaching 
the sum m it o f M onte R osa, he was obliged to  ha lt an d  pass th e  n igh t a t an 
a ltitu d e  of 2,900 m etres. H e  took off his shoes an d  th ru s t his legs up  to  the 
knees in to  a  sealskin bag, w hich thus served him  as a  foot-warmer, tied  
a  h an dkerch ie f round  his h a t so as to cover his ears, an d  felt perfectly 
com fortable.
Speaking of an o th e r bivouac, Z sigm ondy w rites, “ T h e  foot-bag d id  no t 
seem  to m e sufficient th a t evening, so we w rapped th e  rope round  our knees, 
a  very practical innovation . A ccord ing  to  our o ld  custom  we took off our 
overcoats so as to  m ake use o f them  as covers ; one is k ep t w arm er in th is 
way th an  by w earing the  coat. T h e  back  soon com m unicates a  little  hea t 
to  th e  rock, a n d  one is p ro tec ted  on all sides, w hereas otherw ise th e  cold  
im m ediately  strikes one’s hands an d  arm s.” 1
IV .
W e are  m ore sensitive th an  dogs an d  cats to  the rarefaction o f th e  air. 
T h e  g reater the  developm ent o f  th e  nervous system  in any anim al, th e  m ore 
sensitive is the  anim al to  th e  action  o f rarefied air, falling asleep u n d e r its 
influence w ith greater facility.
U n d e r equal depressions in  th e  pneum atic  bell m onkeys suffer m ore than  
dogs, an d  dogs m ore th an  m arm ots. B irds suffer less th an  rabbits, guinea- 
pigs an d  mice, while frogs are  lèss sensitive than  all. I  shall not, however, 
try  the  reader’s patience  w ith a de ta iled  accoun t o f th e  observations m ade on 
all sorts o f anim als. I  m erely a d d  th a t in  every species I  found individual 
differences, som e m em bers suffering m ore th an  o thers a t a  relatively slight 
d im inu tion  of pressure.
W hy m an an d  m onkeys are m ore liable to  fall asleep u n d er d im in ished  
barom etric  pressure I do  no t know. Perhaps th e  activity  o f th e  b ra in  and  
th e  force o f a tten tion  are  grea ter in  them  an d  th e  cond itions o f the ir nervous 
system  m ore easily altered . P erhaps th e  equilibrium  o f nu trition  is m ore 
unstab le  in  th e  nerve-cells w hen th e  functions o f th e  la tte r a re  m ore com plex. 
P erhaps, w hen th e  b rain  is larger in com parison to  th e  body, th e  quan tity  o f 
scoriae and  poisons w hich a re  p roduced  an d  canno t be destroyed or elim in­
a ted  w ith sufficent p rom p titude  in rarefied air, is greater. H ow ever th is may 
be, we m ust a t p resen t co n ten t ourselves w ith th e  vague sta tem en t th a t 
m an  a n d  th e  superior anim als are m ore in tensely sensitive to  barom etric  
depression.
In  o rder to study  m ountain-sickness du ring  artificial ascents, I  bough t 
th ree  m onkeys (Cercopithecus). I  com m unicate  som e o f th e  experim ents 
m ade on  these anim als so as to  establish  a clear com parison betw een the 
phen o m en a  p resen ted  by them  an d  by m an  in  th e  sam e conditions. Som e­
tim es we took th e  m onkeys w ith us in to  th e  pneum atic  cham ber, a t o th er 
tim es we p laced them  u nder th e  large glass bell, show n in Fig. 57, an d  w hich 
has a capacity  o f 60 litres.
M o n k e y  N o . i .
January  30, 1895.— Barometric pressure from  734 mm. to 320 mm.
A  pet m onkey which had been bought w ith the intention of teaching it tricks, and which 
was so tam e that it allowed itself to be carried about on one’s arm, was put under the bell at 
2.5 p.m . After the lapse of ten minutes the pressure w ithin was only 430 mm. A t this 
degree o f rarefaction, which corresponds to the height of M ont Blanc, the m onkey was still 
observant and sometimes played w ith its tail. I t  was plain, however, that it was less lively 
than usual.
W hen the pressure w ithin was 494 mm. the rate of breathing diminished, the animal only
1 E . Zsigmondy, Les dangers dans la montagne, Paris, 1886, p. 101.
drawing 48 breaths per m inute, whereas at the ordinary pressure the rate was 60. I t  now sat 
motionless, looking absently at the ground.
A t the pressure of 420 mm. (corresponding to an altitude of 4,837 metres) the monkey 
closed its eyes and fell into a  doze, breathing 42 times in the minute. F rom  time to time it 
opened its eyes, but the lids seemed to be heavy. I t sat with its hands between its legs and 
with bent head, in the position natural to it w hen sleeping. T he respiration was rather 
irregular—sometimes we counted 50, sometimes 40 breaths per minute. By day we had never 
before seen it sleep. W hen we tapped on the bell with our knuckles it lifted its head, looked 
round stupidly and im m ediately closed its eyes again, while its head began to nod again 
between its legs.
So as to be sure that the current o f air was sufficient for breathing purposes we made use of 
a  gas-m eter which m easured the quantity  o f air penetrating into the bell. A t the greatest 
degree of rarefaction 16 litres entered per minute, that is, a  ration sufficient not only for a 
monkey but for a  m an. W e took the same precaution in all subsequent experim ents.
A t 2.35, seeing that the m onkey continued to sleep, while the pressure rem ained constant 
a t a  point corresponding to an altitude of 4,800 m etres, we suspended the rarefaction.
I opened a little the tap  which gave passage to the air and the pressure began to increase. 
T he m anom eter had not sunk one centim etre when the m onkey awoke, show ing signs o f rest­
lessness and fright. I t turned round w ith raised arm s and then fell down as though seized with 
convulsions. W hen it was taken out of the bell, it rem ained in an agitated but apparently  
unconscious state ; when placed on the ground, it fled, but staggeringly as though drunk.
T h is  sam e m onkey accustom ed  itself so rapid ly  to  rarefied  a ir th a t a  few 
days la ter it only fell asleep a t a  p ressure co rrespond ing  to an  a ltitu d e  of 
6,470 m etres.
V.
T h e  m ost o f those w ho sub jec t them selves to  th e  rarefaction  o f  th e  a ir in 
pneum atic  cham bers o r to  com pressed  air in  caissons, a re  troub led  by violent 
pain in  th e  ears. T h is  pain is due to  th e  pressure exercised by th e  external 
a ir on the  m em brane o f th e  tym panum , w hen there  is n o t a  coun terp ressu re  
a t th e  in n er surface, w ithin the m iddle  ear. D uring  storm s, such  rap id  and  
p ronounced  changes take place in  th e  barom etric  p ressure th a t som e com ­
plain of a noise in  th e  ears. E ven  during  ascen ts som e clim bers no tice  th a t 
the ir hearing  is no t so good as usual. T o  overcom e th is inconvenience one 
need  only close nose an d  m outh  an d  execute a  forcible expiratory m ovem ent, 
o r else swallow th e  saliva, or finally, take a drink.
In  m onkeys, th e  a ir issues easily from  th e  m idd le  ear, w hen the  o u te r a ir 
is rarefied, an d  for th is reason they  do  no t suffer du ring  th e  artificial ascent. 
B ut w hen th e  p ressure o f the air is increased again it w ould seem  th a t th e  
E ustach ian  tu b e  is so form ed th a t it does no t perm it th e  a ir to p ene tra te  into 
th e  m iddle ear w ith equal facility. H en ce  th e  pressure on th e  m em brane of 
th e  tym panum , w hich is forced inw ards, p roducing  vio len t pain, dizziness an d  
convulsive attacks.
I f  the pressure is increased  very gradually  it will be  seen th a t even in 
m onkeys these serious nervous phenom ena  do no t m anifest them selves.
M o n k e y  N o . 2.
February 9, 1895.— Barometric pressure from  737 mm. to 337 mm.
9.25 a.m . T he m onkey is placed under the bell a t the usual pressure and performs 62
respiratory movements per minute.
9.35. T he rarefaction is begun.
9.38. Pressure, 490 mm. Breathing, 44 per minute.
9.40. Pressure, 337 mm. F irst 50 rather deeper respirations in the m inute, then 46.
T he m onkey keeps its eyes open, it lies curled up and motionless, except for the nodding o f  
its head and frequent yawning.
9.42. I t  protrudes its muzzle and makes a  few efforts to vom it, then Vomits.
9.43. T he m onkey sleeps. T he pressure is kept constant a t 337 mm. (corresponding 
to  an altitude of 6,476 metres). Breathing 66 per minute. From  time to time the anim al 
bends its body so far downwards that it loses its balance, then it erects itself again, as a per­
son does who is dozing.
9.45. I t wakes as we knock on the bell with our knuckles, looks up, but w ithout any 
interest in w hat it sees. I ts  face is stupid.
9.47. T he m onkey no longer lifts its head at the knocking on the glass, nor opens its 
eyes. Breathing, 68. I t  has expelled freces w ithout moving. I t  lies down, stretching itself 
on its right side. O nly the diaphragm  moves, the thorax does not appear to dilate during 
the breathing. W e now turn the tap so as to let in the air and conclude the experim ent. 
A t 370 mm. pressure the m onkey awakes, a t 410 mm. it stands up and has an attack of con­
vulsions, after having twice beaten its head against the wall of the bell in an attem pt to escape.
9.58. W e offer the animal an apple ; it would like to take it, but has not the strength to 
stand upright.
10.0. T he right leg of the animal is paralysed, and drags after it when it moves.
10.4. T he m onkey has completely recovered and has regained its normal aspect. The 
breathing is, however, slower than it was before, there being only 36 respirations in the m inute.
V I.
T h e  great facility w ith w hich m onkeys vom it w hen the  pressure o f th e  air 
is d im in ished  in  th e  pneum atic  bell proves th a t m ountain-sickness is no t due, 
as th e  m ajority  o f clim bers th ink , to  digestive disorders. I  m ight give a  list 
o f m aladies in w hich th e  sufferer is m uch  troub led  w ith vom iting although  the 
stom ach  is healthy  an d  em pty. A ll causes w hich d is tu rb  th e  circulation  and  
th e  nu trition  of th e  b rain  m ay p roduce vom iting. T h e  cause of nausea and  
o f re tch ing  is often to  be found in  the  sta te  o f th e  blood. W hen, for 
instance, the kidneys are  inflam ed an d  cease to  ac t well, one  of th e  first 
sym ptom s w hich inform s th e  physician th a t th e  b lood  is be ing  po isoned  with 
urea  is th e  vom iting  w hich appears even w hen th e  p a tien t is fasting. I t  is 
p robab le  th a t th e  cause o f vom iting in fatigue is also due  to  a poisoning of 
th e  blood, because I  have seen vom iting caused  by the in jection  o f th e  blood 
o f a  tired  dog  in to  a dog  in  a  norm al condition .
V om iting  is a  characteristic  sym ptom  of a n g ina  pectoris. W hen, during 
an  attack , th e  pulse becom es rap id  an d  w eak an d  th e  p a tien t grows pale and  
feels an  oppression  on th e  chest as in m ountain-sickness, vom iting  alm ost 
invariably follows.
T h e  reason o f th is sim ilarity o f phenom ena m ust be sought close a t hand, 
in  th e  connection  betw een th e  centres o f breath ing, o f vom iting, o f the vaso­
m otor an d  cardiac nerves in  the  m edulla  oblongata. I f  we feel th e  pulse of 
a person  who has taken  an  em etic we notice th a t the  rate  alters from  tim e 
to  tim e, becom ing  m ore rap id  w henever vom iting begins. W e observed 
sim ilar variations in  th e  pulse a t R egina M argherita  H u t, even when 
vom iting was no t the  first sign o f th e  action  o f barom etric  depression. I t  is 
p robable, therefore, th a t these are the causes w hich give rise to  vom iting in 
m ountain-sickness. O ne o f these causes is cen tra l : th e  depression o f the 
nervous cen tres ; th e  o ther is peripheric  : the  inc ip ien t paralysis o f the  nerves 
o f th e  stom ach. Dogs, cats, m arm ots an d  especially m onkeys vom it w henever 
they  are  p laced  in rarefied air u n d er the pneum atic  bell. T h e  cause of 
vom iting in these cases, as in m ountain-sickness, I  ho ld  to  be  the para­
lysis o f th e  vagus. I f  th is nerve is severed a  persisten t vom iting is 
p roduced.
M o n k e y  N o . 3.
January 28, 1895.— Barometric pressure from 733 mm. to 330 mm.
A male monkey, put under the bell a t 2.58 p .m ., breathes from 56 to 60 times in the 
minute.
3.4. T he rarefaction of the air is begun.
3.15. Pressure 370 mm. ( =  altitude o f 5,732 metres). T he monkey is well, licks the 
grease on the rim of the bell. I t  breathes 36 times per minute.
3.20. Pressure 330 mm. ( =  altitude 6,643 metres). T he animal does not sleep, and stands 
less steadily on its legs. I t  protrudes its muzzle as though about to vomit. T he red tin t of 
the lips is not altered, the bluish colour characteristic of m ountain-sickness, often observable 
also in monkeys, has not appeared. T he animal breathes 40 times in a  minute.
3.25. R etching and vomiting. T he m onkey im m ediately eats what it has thrown up. 
I t is unsteady on its legs and falls a t a  second attack  of vomiting.
W e d id  no t succeed in  sending  th is m onkey to  sleep, even though  the  
pressure was d im in ished  as m uch as possible. I t  becam e m otionless and  
apathe tic . T h e re  are  am ongst m onkeys as am ongst m en g reat individual 
differences, w hich are  rendered  ap p aren t by the  experim ents here com ­
m unicated .
In  m onkeys, too, we no ticed  th a t th e  barom etric  depression caused an  
acceleration  of th e  pulse a n d  a d im inu tion  in the  ra te  o f the  respiratory 
m ovem ents.
In  ascents, w hen th e  difficulty o f b rea th ing  becom es such  th a t one is 
obliged to  keep one’s m ou th  open, the  dryness o f th e  th ro a t gives a sense 
o f bu rn ing  heat and  a  feeling o f d iscom fort w hich m ay provoke nausea and  
vom iting. F o r th is reason we m ust endeavour du ring  ascen ts to  keep  the 
m outh  m oist, w hen, owing to  fatigue, the secretion  o f saliva begins to 
decrease. T h e  fear th a t a  m orsel o f snow or a p iece o f ice p u t in to  the 
m ou th  m ay prove in jurious, is exaggerated. W e, a t least, m y com panions 
an d  I, experienced no ill effects from it, an d  I consider th is rem edy preferable 
to  th a t o f d rink ing  alcoholic liquor w henever one  feels o n e ’s m outh  dry.
V II .
H aving  observed th a t rarefied air p roduces sleep, it rem ained  to  be 
ascerta ined  w hether narcotics ac t m ore in tensely  w hen th e  barom etric  
pressure is d im in ished . A  sm all dose o f m orphia, for instance, otherw ise 
insufficient to  cause sleep, p roduces it w hen th e  a ir is rarefied.
T h is  is show n by the following experim ent.
E f f e c t  o f  M o r p h i a  o n  a  M o n k e y .
April 2, 1895.— Barometric pressure from 733 mm. to 340 mm.
A t 2.0 p.m . the m onkey is placed under the bell. I t  breathes 33 times in the minute.
2.10. Pressure 340 mm. ( =  5,232 metres altitude). T he monkey cowers down, breathing 
34 times in the minute. From  time to time it protrudes its muzzle as though from a feeling of 
nausea and then begins to retch.
2.12. T h e  anim al still takes an interest in w hat is going on around it, but it looks cast 
down and half closes its eyes now and then. I t sits huddled together, its head between its 
knees, breathing 30 times in the minute. T he trunk oscillates while it sleeps ; from time to 
tim e there is a  slight m ovem ent o f the ears.
2.16. T he pupil of the eye seems sm aller than before. T he m onkey has not yet moved 
from its position. From  time to time its sleep becomes sounder and its head drops lower 
between its knees.
A pril 3 ,  1 8 9 5 .— Barometric pressure from  7 3 4  mm. to 3 3 9  mm.
2 .1 5  p . m .  T h e  m o n k e y  is  p u t  u n d e r  t h e  b e l l  a f t e r  a n  i n j e c t i o n  o f  5 m i l l i g r .  o f  m o r p h i a  
h a s  b e e n  m a d e  u n d e r  t h e  s k i n  o f  t h e  t h ig h .
2 .2 5 .  I n s i d e  p r e s s u r e  3 3 9  m m .  ( =  a l t . , 5 ,1 7 1  m e t r e s ) .  T h e  a n i m a l  b e g in s  t o  p r o t r u d e  
t h e  m u z z le  f r o m  n a u s e a ,  y a w n s  a n d  a p p e a r s  m o r e  d e j e c t e d  t h a n  o n  t h e  d a y  b e f o r e .
2 .3 7 .  T h e  m o n k e y  b r e a t h e s  3 6  t im e s  i n  t h e  m i n u t e  a n d  b e g in s  t o  r e t c h .  I t  h a l f  c lo s e s  
i t s  e y e s  a t  i n t e r v a l s .
2 .4 5 .  I t  s l e e p s  s o u n d ly .  B r e a t h i n g ,  2 6 .  I t  v o m i t s  a n d  h a s  a  s u f f e r in g  l o o k .  I t  f a l l s  
o v e r  o n  t o  i t s  s id e .  T o  j u d g e  b y  i t s  f a c e  t h e  a n i m a l  w o u l d  s e e m  t o  b e  d y i n g .  I t  d o e ;  n o t  
o p e n  i t s  e y e s  n o r  m o v e  a t  a n y  n o i s e  w e  m a k e  in  k n o c k i n g  o n  t h e  b e l l .
2 .5 6 .  T h e  t a p  is  t u r n e d  t o  l e t  i n  t h e  a i r  b u t  s o  t h a t  t h e  n o r m a l  p r e s s u r e  is  s l o w ly  r e ­
e s t a b l i s h e d .  T h e  s e r i o u s  l e t h a r g y  c e a s e s .  W h e n  t a k e n  o u t  o f  t h e  b e l l  a n d  p l a c e d  o n  t h e  
g r o u n d ,  t h e  m o n k e y  w a l k s  a t  f i r s t  u n s t e a d i ly ,  b u t  r e c o v e r s  s h o r t l y  a f t e r w a r d s .
I t  is thus proved th a t a  sm all dose of m orphia, otherw ise insufficient to 
p roduce  sleep, becom es th e  cause o f serious phenom ena  w hen acting  under 
reduced  a tm ospheric  pressure. I f  th e  effects o f m orph ia  are  he igh tened  by 
rarefied a ir an d  vice versa , it is a  sign th a t the action  of bo th  is identical.
V I I I
W hy is m ountain-sickness m ore alarm ing  a t n ight-tim e ? T schudi, 
Pöppig , an d  m any o thers who have travelled  in th e  m ost elevated  regions 
o f th e  earth , have already no ticed  th is fact, an d  there  are  few m ountain- 
clim bers, I  th ink , who have no t been  som etim es roused  by a  feeling of 
indisposition  w hen passing the n igh t a t great altitudes.
Lcewy 1 says th a t du ring  sleep the  respiratory  m ovem ents becom e irregular, 
an d  th a t th e  ventila tion  o f the lungs being less active, the d im inution  o f the 
tension  o f oxygen in  the pulm onary  alveoli is a  sufficient exp lanation  of the 
indisposition  w hich breaks ou t a t n igh t on th e  m ountains. T h e  observations 
w hich I m ade on M onte R osa on respiration  and  th e  tracings reproduced  in 
the th ird  chap te r dem onstra ted  so p rofound  an d  unusual an  a lteration  o f the 
respiratory  m ovem ents by n igh t on th e  m oun ta ins th a t we can no longer 
recu r to  th e  inadequa te  ventilation  of th e  lungs to explain the  sense of 
oppression an d  difficulty in b reath ing , because th e  change o f th e  breath ing  
is th e  effect an d  n o t the  cause o f th e  phenom ena  w hich we here  wish to 
study.
T h ere  is a sim ilarity betw een the p receding experim ent in w hich m orphia 
was in jec ted  an d  th e  phenom ena  arising from  rarefied a ir thus aggravated,
an d  th e  origin of sleep. T h ese  experim ents 2 m ade it clear to m e th a t the
lesser activity  o f th e  nerve-centres, caused every day by sleep, acts in  the 
sam e way as the depression  w hich rarefied air produces in  th e  vitality o f 
th e  nerve-centres, so th a t ou r cond ition  is aggravated  by the acting  o f these 
two factors in  th e  sam e direction .
I f  m ountain-sickness w ere due to  th e  lack  of oxygen one ought to  feel 
b e tte r w hen one sleeps soundly, because during  sleep th e  chem ical processes 
slacken an d  one needs less oxygen. T h e  con trad ic tion  betw een th e  old 
theories an d  the facts here com m unicated  proves th a t P au l B ert’s theory, 
accord ing  to  w hich m ountain-sickness was considered  as a  sim ple form of 
asphyxia o r a  poisoning due  to th e  carbonic  acid  o f th e  blood, m ust be 
ab an d o n ed .3 M y opinion is th a t there  is, on  the  contrary , a  sm aller quan tity
1 A .  L c e w y ,  Untersuchungen über die Respiration und Circulation, p .  2 0 .
2 S e e  t h e  a c c o u n t  o f  e x p e r i m e n t s  b y  U .  M o s s o .  A r c h iv e s  i t a l i e n n e s  d e  B io lo g ie ,  t o m e
XXV. p .  2 4 2 .  3 P .  B e r t .  Op. cit., p .  1 0 4 4 .
of carbonic  acid  in the b lood  a t g rea t a ltitudes an d  th a t th e  fundam ental 
cause of m ountain-sickness is a d im inu tion  in the chem ical activ ity  o f the 
b rain  an d  o f th e  spinal cord.
Sleep is the com m onest an d  m ost constan t sym ptom  am ongst those 
phenom ena w hich reveal a  depression  in  the  v itality  o f the nerve-centres. 
Excessive cold, too, p roduces sleep.
A ny one w ho allows h im self to  be overcom e by sleep on the A lps an d  lies 
dow n to  rest on th e  frozen ground, is lost. O ne m ust d read  sleep a t great 
altitudes. A s soon as the first sym ptom s appear, we m ust seek to  excite the 
nervous system  by all m eans in  our power, so as to  fan th e  languishing flame 
o f life a n d  rouse th e  body to  activity, so th a t those  stores still rem aining for 
th e  heating  o f th e  organs a n d  th e  b lood m ay be consum ed, the circulation 
reinforced, th e  vigour o f th e  heart m ain ta ined  an d  the ab a tem en t of the 
energy of th e  nervous system  prevented .
T h e  well-known sa\v o f th e  o lder physicians th a t w hen n a tu re  beckons we 
m ust follow her, does no t h o ld  good on th e  A lps. W e have then  to  do with 
a defect, no t w ith a  perfection  of ou r organism . N atu ra l sleep tends to  re­
establish  th e  exhausted  streng th  o f b rain  a n d  m uscles. T h e  sleep which 
befalls us during  sto rm s an d  on th e  ice is a  m orb id  phenom enon. I f  we 
succeed by an  effort o f the will in  overcom ing o u r re luctance  to m ove and  in 
shaking off ou r m ental sluggishness, drow siness d isappears an d  we feel better, 
as though  the in ternal heat had  m elted  som e obstacle.
In  th is case co ld  is the cause o f d ea th . S leep caused  by rarefaction of 
th e  a ir may, on th e  contrary, be considered  as beneficial, as we have seen in 
the case o f T issandier, who, on th e  descen t o f th e  “ Z en ith ,” survived because 
he fell in to  a lethargy sooner than  th e  others.
R egnau lt an d  R eiset, in th e ir ce leb ra ted  chem ical researches on the 
b rea th ing  o f anim als, observed  th a t a m arm ot d u ring  h ibernation  lives for 
a  considerab le  leng th  o f tim e in  a ir dep rived  o f oxygen, w hereas, were it 
awake, th is sam e a ir w ould kill it in a  few in s tan ts .1
A n o t less ce leb ra ted  experim ent is th a t o f C laude  B ernard ,2 who, having 
pu t a b ird  u nder a  glass bell, saw that, a lthough  it was w eakened by the  defi­
ciency o f oxygen, it was yet ab le  to  live in th is a tm osphere  for several hours, 
w hereas th e  air w'as already  so greatly  a lte red  th a t an o th e r b ird  p u t in to  it 
d irectly, im m ediately  d ied  of asphyxia.
A sim ilar experim en t m ay easily be  perform ed by pu tting  a  dog  a n d  a  fowl 
together u n d er a pneum atic  bell. I f  th e  dog, as often  happens, falls asleep, 
the barom etric  p ressure m ay be d im in ished  un til only one-sixth o f an  atm o­
sphere rem ains. Fow ls a t th is p ressure o f 130 or 120 m m . generally  die, 
w hereas th e  slum bering  dog  survives. E ven ducks, w hich we should  suppose 
to  be th e  anim als opposing  th e  g reatest resistance  to  asphyxia, die before 
dogs, because they  can n o t fall asleep in rarefied air. C onsiderab le  depres­
sions are  reached  before they  p resen t any  serious phenom ena , then  suddenly  
they open the ir bill, shake th e ir head  an d  die, before th e  experim enter has 
tim e to  save them  by letting  in a cu rren t o f denser air.
S leep is therefore a  m eans of p ro tection , rendering  us m ore resistan t to  the 
action  of rarefied air.
1 Annales de chimie et physique, 1S49, p. 515.
3 Cl. Bernard, Leçons sur les substances toxiques, 1857, P- 126.
IX .
In  our cam p near th e  A lp In d ra  we were in the m idst o f a  m arm ot se ttle ­
m en t ; an d  as far as an  a ltitude  of 2,800 m etres we m et w ith the holes to 
the ir burrows. T h ese  anim als greeted  us w ith shrill w histling sounds from 
the lonely rocks an d  from  the  last grassy levels o f th e  m ountains, where no 
shrubs grow, an d  to  w hich no goat, no m am m al o f any  k ind  ven tures to 
clim b. T h e  wish im m ediately took possession of m e to  study  these roden ts, 
whose w inter sleep m akes them  of such im portance to  A lpine physiology, 
under a pneum atic  bell. I  had  no difficulty in procuring  six living m arm ots.
1 shall now briefly re la te  the experim ents m ade on these anim als.
D uring  the ir deep w inter sleep m arm ots are  so insensib le th a t even though 
a  gun  is fired close to  them , they  do  no t wake, and  if they  fall to  th e  g round  
from th e  heigh t o f a m etre and  a  ha lf they  do  no t m ove nor does th e  rhy thm  
of the ir b rea th ing  alter. T h e  insensibility  o f the ir in ternal parts  is less p ro­
nounced, however, and  changes of barom etric  p ressure easily rouse them , as 
V alentin  1 show ed in his w ork on th e  h ibernation  o f the m arm ot.
D ubois - m aintains th a t the sleep of these anim als is caused  by an  excess 
o f carbonic acid  in  th e  blood. H e  epitom ised his theory  o f the origin o f 
their lethargic sleep in  a  sentence w hich well expresses h is idea : antonarcosis 
due to carbonic acid.
W ere this a  correct hypothesis, it ought to  be easy to  induce  sleep and  
insensibility  by causing a ir m ixed w ith carbon ic  acid  to be b rea thed . T h e  
attem pts m ade in  this d irection  w ere u tterly  unsuccessful. F o r this reason, 
therefore, I  can n o t ho ld  P rofessor G ayet’s idea th a t sleep has a  special 
cen tre  in the brain, to  be correct ; ra th e r does it seem  to m e th a t th is idea is 
con trary  to w hat is as yet know n to  us respecting  th e  physiology of sleep. I t  
is how ever inoppo rtune  here  to  open a d iscussion on a  sub jec t w hich is 
perhaps the  m ost obscure in  the dom ain  o f physiology. Som e m ention  o f it 
is necessary as, were the  au tonarcosis o f D ubois an  ind ispu tab le  fact, the  
orig in  o f the sleep w hich com es over us on th e  A lps w ould be perfectly  clear, 
B ert having observed th a t a rteria l b lood  becom es gradually  poorer in  oxygen 
in  rarefied air, so th a t a t an  a ltitu d e  o f 6,500 m etres, it has a lready lost 
a lm ost the  half o f w hat it con ta ined  in  th e  plain, resem bling venous blood 
in its com position  m ore an d  m ore the h igher one ascends.
D ubois, basing  his theory  on V alen tin ’s researches, m ain ta ined  th a t the 
w aking up o f the m arm ot w hen p laced u nder th e  pneum atic  bell, is caused by 
th e  loss o f th e  excess o f carbonic acid  in its blood. I  repeated  these experi­
m ents, b u t took  th e  p recau tion  to effect th e  depression  slowly. I th en  found 
th a t th e  m arm ot does no t wake even though  th e  barom etric  depression is very 
great. W hen these an im als are  in  their deep  w inter sleep, they  b rea the  so 
little  th a t often in  a m inu te  they execute only one insp iration , w hich is so 
superficial as to  be scarcely noticeable. W hen  we p u t m arm ots u nder the 
pneum atic  bell we m ust take care n o t to  shake them , an d  to  p reven t any 
change taking place in th e  su rround ing  tem perature . By le tting  the air-pum p 
ac t slowly, an d  allowing of th e  passage o f a  fain t cu rren t o f a ir u nder the bell 
so as to  ensure a continual renew al o f th e  inside atm osphere , I  have succeeded 
in keeping m arm ots for two or th ree  hours in  air rarefied to th e  barom etric  
pressure o f from 13 to  14 centim etres, th a t is to  one-fifth an d  one-sixth of the
1 G. V a l e n t i n ,  Beitrüge zu r Kenntniss des Winterschlafes der Murmelthiere. M o le s c h o t t ’s 
U n t e r s u c h u n g e n ,  i .  B d .  p .  2 1 1 .
2 B .  D u b o i s ,  Physiologie comparée de la Marmotte, P a r i s ,  1896, p .  2 5 3 .
ordinary  pressure, w ithout th e ir waking. I n  general, w hen th e  a tm o sp h ere  
su rround ing  them  was of 2  or 3  degrees, these anim als execu ted  only two 
respiratory m ovem ents in  th e  m inute, a fter having been  sub jec ted  for two 
hours to this enorm ous depression.
T h e  m ost im portan t fact is, th a t m arm ots do  no t wake so long as they  are 
in rarefied air, b u t rouse them selves im m ediately  w hen the  rarefaction  o f the  
a ir begins to  decrease an d  th e  usual barom etric  p ressure is gradually  re-estab­
lished. T hey  then  often execute lively m ovem ents, an d  rem ain  restless for a 
long tim e. T h e  fact observed in  th e  circulation  o f th e  b lood in th e  hum an 
brain, nam ely : th a t th e  blood-vessels d ila te  beyond  th e ir no rm al size w hen 
com m on a ir  is b rea thed  again by a  sub jec t who, for a  certa in  tim e, has been 
b reath ing  air con ta in ing  a  sm aller am oun t o f oxygen, renders ap p aren t a 
pecu liar reac tion  of th e  nervous system , an d  h in ts a t cerebral changes as caus­
ing th e  w akening o f m arm ots w hen th e  depressing  a n d  paralysing ac tion  o f 
th e  rarefied a ir ceases.
M y experim ents convinced m e th a t even w hen th e  barom etric  p ressu re  is 
reduced  to  one-fifth it has no effect on th e  lethargic sleep of m arm ots. U n d e r  
a  pressure so greatly  d im in ished  th e  venous b lood  m ust con ta in  less carbonic  
acid, as we know  th a t th is gas is held  in so lu tion  by th e  b lood  : w hen the 
barom etric  pressure d im inishes the b lood  can  only ho ld  a lesser quan tity  in 
so lu tion . T h e  theory  of au tonarcosis canno t therefore serve as an  explana­
tion  o f th e  le thargy  o f m arm ots, no r does it shed  any  ligh t on th e  sleepiness 
felt during  ascents.
X.
W hen awake, m arm ots are  m ore sensitive th an  any  o th e r an im al to  the 
rarefaction  o f the air. T h is  is one o f th e  m ost curious observations w hich I 
have m ade, a n d  certain ly  no one w ould have suspected  th a t m arm ots, w hich 
in sum m er live h igher up  th an  any  o th er m am m als, a n d  w hich in  w in ter offer 
such resistance bo th  to co ld  an d  asphyxia, feel the  effects o f barom etric  
depressions so slight th a t they  rem ain  w ithout th e  least influence on m an  an d  
on o ther anim als. L e t us first consider th e  facts a n d  then  seek to  b u ild  up 
a  hypothesis.
E x p e r i m e n t  o n  a  M a r m o t .
May, 1 8 9 6 — Pressure, 7 4 1  mm. Temperature o f the air, 18 ° .
A  t a m e  m a r m o t  w e i g h in g  3 ,4 0 0  g r a m s ,  w h i c h  a l l o w s  i t s e l f  t o  b e  c a r r i e d  o n  o n e ’s  a r m ,  
a n d  m a n i f e s t s  i t s  d e l i g h t  w h e n  w e  e n t e r  i t s  c a g e  b y  c l a m b e r i n g  u p  o u r  l e g s ,  i s  p u t  u n d e r  t h e  
p n e u m a t i c  b e l l  a t  7 .4 0  a .m .  I t  m a k e s  a  r e s t i n g - p l a c e  f o r  i t s e l f  w i t h  t o w e l s  w h i c h  w e  h a d  p u t  
u n d e r  t h e  b e l l ,  b y  m e a n s  o f  t h e  p u m p  a  w e a k  c u r r e n t  o f  a i r  i s  k e p t  u p  b y  w h i c h  6  l i t r e s  a r e  
i n t r o d u c e d  i n t o  t h e  b e l l  p e r  m in u t e .  T h e  b r e a t h i n g ,  w h i c h  a t  f i r s t  w a s  v e r y  r a p i d ,  b e g in s  t o  
s l a c k e n .  T h e  f o l l o w i n g  n u m b e r s ,  w r i t t e n  a l m o s t  w i t h o u t  i n t e r r u p t i o n  e v e r y  m i n u t e ,  s h o w  
h o w  g r e a t  w a s  t h e  i n f l u e n c e  o f  e m o t i o n ,  a n d  l i k e w i s e  t h e  e f f e c t  o f  a t t e n t i o n  o n  t h i s  a n im a l .  
A s  s o o n  a s  i t  w a s  p u t  u n d e r  t h e  b e l l  t h e  m a r m o t  h a d  w a l k e d  r o u n d ,  s t a n d i n g  e r e c t  o n  i t s  
h i n d  l e g s ,  a n d  h a d  t h e n  l a i n  d o w n ,  w h e n  w e  b e g a n  t o  c o u n t  t h e  b r e a t h i n g  : 6 6 ,  6 4 ,  6 0 ,  5 4 ,  
5 6 ,  54, 5 5 .  5 4 ,  4 5 -  SO, 2 8 ,  2 0 ,  1 8 , 1 8 ,  1 8 , 2 4 ,  2 4 .
A t  8 .3 0  t h e  m a r m o t  h a d  a l r e a d y  t a k e n  u p  a  s l e e p i n g  p o s i t i o n ,  c u r l i n g  i t s e l f  u p  w i t h  i t s  
h e a d  b e t w e e n  i t s  l e g s .  B r e a t h i n g  : 2 2 ,  2 0 ,  2 0 ,  1 8 , 1 8 .
T h e  a n im a l  w a k e s ,  l i f t s  i t s  h e a d ,  a n d  t h e n  r e t u r n s  t o  i t s  u s u a l  s l e e p i n g  p o s i t i o n .  B r e a t h ­
i n g  : 2 1 ,  1 5 , i S ,  2 0 ,  1 8 , 1 6 , 1 5 , 1 6 , 1 6 , 1 5 , 1 7 , 17 .
I t  w a k e s  a g a in .  B r e a t h i n g  : 2 0 ,  1 7 , 1 7 , 1 6 , 1 5 , 1 5 .
A t  9 .0  w e  b e g in  t o  r a r e f y  t h e  a i r ,  t h e  b a r o m e t e r  i n  t h e  b e l l  w h i c h  t i l l  t h e n  h a d  m a r k e d  
3 0  m m .  le s s  t h a n  t h e  e x t e r n a l  p r e s s u r e ,  w h i c h  w a s  7 4 1  m m . ,  r i s e s  I S o  m m .  T h e  in s i d e
p r e s s u r e  h a s  t h e r e f o r e  s u n k  f r o m  7 1 1  t o  5 3 1  m m .  ( =  t o  a  d i f f e r e n c e  i n  a l t i t u d e  o f  2 ,3 2 4
m e t r e s ) .
T h i s  p r e s s u r e  h a d  b e e n  r e a c h e d  in  t w o  m i n u t e s ,  a n d  w a s  t h e n  m a i n t a i n e d .  T h e  r a t e  o f  
b r e a t h i n g  i n c r e a s e d  s l i g h t l y  : 1 8 , 2 1 ,  1 8 , 1 9 , 1 8 , 1 9 , 1 9 , 2 0 ,  1 7 , 1 9 , 1 7 , 1 8 , 1 7 .
T h e  a n i m a l  m o v e s ,  r a i s e s  i t s  h e a d ,  a n d  t h e n  f a l l s  a s l e e p  a g a in .  B r e a t h i n g  : 2 0 ,  1 9 , 1 8 , 
1 9 , 1 8 , 1 9 , 2 0 ,  1 9 , 2 0 ,  2 0 .
9 .4 4 .  S e e i n g  t h a t  t h e  a n i m a l  c o n t i n u e s  t o  s l e e p ,  w e  r e - e s t a b l i s h  t h e  f o r m e r  p r e s s u r e  o t  
7 1 1  m m .  B r e a t h i n g  : 1 7 , 1 6 , 1 6 , 1 6 , 1 6 , 1 5 , 1 5 , 16 , 1 7 , 1 5 , 1 3 . T h e  m a r m o t  w a k e s ,  a n d  
t h e n  c u r l s  i t s e l f  u p  a g a in .  B r e a t h i n g  : 1 4 , 1 5 , 1 3 , 1 4 , 1 6 , 1 6 , 1 5 , 1 5 , 1 4 , 1 3 .
T h e  s l a c k e n i n g  o f  t h e  b r e a t h i n g  is  e v id e n t .
1 0 .1 5 .  T h e  a i r  i s  a g a i n  r a r e f i e d .  I n  t w o  m in u t e s  a  p r e s s u r e  o f  5 3 1  m m .  is  e s t a b l i s h e d .  
B r e a t h i n g  : 1 8 , 1 8 , 1 7 , 1 7 , 1 7 , 1 7 , 1 7 , 1 8 , 1 7 , 1 7 , 17 , 1 8 , 1 7 , iS, 1 9 , 1 7 , 1 6 , 1 7 , 1 7 , 17 , 1 8 , 
1 8 , 1 9 , 2 0 ,  1 9 , 1 8 , 1 8 . T h i s  t im e ,  t o o ,  t h e  r a r e f a c t io n  o f  t h e  a i r  ( =  a l t i t u d e  2 ,3 2 4  m e t r e s )  
p r o d u c e d  a n  a u g m e n t a t i o n  i n  t h e  r a t e  o f  b r e a t h in g .
A t  1 0 .5 0  t h e  p r e s s u r e  o f  7 1 1 m m .  is  s lo w ly  r e - e s t a b l i s h e d ,  a n d  t h e  b r e a t h i n g  s l a c k e n s  : 
1 7 , 1 7 , 1 6 , 1 5 , 1 6 , 1 5 , 1 5 , 1 4 , 1 4 , 1 4 , 1 4 , 1 3 , 1 2 , 1 3 , 1 4 , 1 3 , 1 2 , 1 3 , 1 4 , 1 3 , 12 , 1 2 . W h e n  
t h e  b e l l  w a s  l i f t e d  u p  t h e  m a r m o t  r e m a in e d  c u r l e d  u p  a n d  m o t i o n l e s s ,  u n a w a r e  t h a t  i t  w a s  
r e l e a s e d .
T h is  m arm o t b rea thed  m ore rapidly  du ring  sleep in a  rarefaction  of the 
a ir correspond ing  to  th e  a ltitude  o f 2,324 m etres.
T h e  a v e r a g e  n u m b e r  o f  b r e a t h s  d r a w n  p e r  m i n u t e  a t  8 .3 0  w a s ........................................................  17  9
A t  a  p r e s s u r e  o f  5 3 1  m m .  t h e  a v e r a g e  n u m b e r  o f  b r e a t h s  d r a w n  p e r  m in u t e  w a s  . . .  tS " 8  
T h e  u s u a l  p r e s s u r e  b e i n g  r e - e s t a b l i s h e d  ,, , ,  , ,  15 9
T h e  p r e s s u r e  o f  5 3 1  m m .  „  „  , ,  „  1 6  Ó
T h e  u s u a l  p r e s s u r e  , ,  , ,  , ,  , ,  I 4 ‘9
As th e  m arm ot slept th e  b reath ing  co n tin u ed  to becom e calm er and  
slower ; nevertheless, in  th is anim al as in  o ther m arm ots th e  acceleration  and  
reinforcem ent o f th e  b rea th ing  appeared  as a  constan t phenom enon  a t incon­
siderable changes o f barom etric  p ressure below th e  lim it o f 41 centim etres, 
estab lished  by F raenke l an d  G eppert as th a t a t w hich th e  a lteration  o f the 
b lood  begins.
T h ere  is, therefore, som eth ing  else w hich m odifies the  conditions o f the 
b rea th in g  besides th e  hæ m oglobin  o f th e  blood, or else there  are  changes in 
th e  b lood  w hich we have n o t yet discovered, an d  w hich ac t w hen th e  baro ­
m etric  pressure is dim inished.
N oth ing  takes p lace in  na tu re  w hich has no t its raison d'être. I t  is my 
opinion, therefore, th a t th e  greater susceptib ility  o f th e  m arm ot to  barom etric 
depression  m ust be  a  consequence o f th e  special functions o f its nervous 
system . T h e  partia l suspension o f life du ring  th e  w inter m onths, the d im inu­
tion  o f the activity of th e  nervous system  w hen th e  external tem pera tu re  sinks, 
m ust be due  to th e  absence  in these anim als o f those regulating  forces which 
we possess, a n d  w hich serve to  reinvigorate th e  chem ical processes of the 
organism  w hen su rround ing  conditions are  changed . P erhaps this difference 
m ay p u t us on th e  track  of o ther characteristic  differences in the ir nervous 
system , of w hich th e  functions m ust be in close connection  w ith the  variations 
w hich take  p lace in  th e  ou tside air, as we see in  this case. T h e  lethargic 
sleep o f m arm ots m ay perhaps find its exp lanation  in  the d im in ished  resist­
ance w hich the ir nervous system  opposes to th e  su rround ing  air, and  in the 
lack  of a  regulating  m echanism  which, in superio r anim als, renders th e  vital 
phenom ena  constan t.
D e  S a u s s u r e ’s  c a m p  a t  t h e  C o l  d u  G é a n t  ( a i t . ,  3 ,3 6 5  m e t r e s ) .  R e p r o d u c e d  f r c m  a  d r a w i n g  
e x e c u t e d  b y  D e  S a u s s u r e ’s  s o n  i n  1 7 S S .
C H A P T E R  X X
T H E  A C T IO N  O F  L IG H T — P E R S P IR A T IO N — C O LD
I.
T H E  light on  th e  A lps is different from  the  lig h t in  th e  low lands, because in travelling  to  o u r earth  it passes th rough  a  sm aller stra tum  o f a ir an d  loses less o f its in tensity . T h a t th e  air, no tw ithstand ing  
its transparency , absorbs lum inous rays, is show n by th e  sp lend id  colours 
o f daw n an d  o f sunset an d  by th e  seem ingly deeper b lue  o f  th e  sky.
“ F u rth er, we find th a t th e  b lue  light o f th e  sky is reflected light ; an d  
there  m ust be  som eth ing  in  th e  a tm osphere  capable  o f p roducing  this 
reflection . . . w hen th e  solar beam s have traversed  a  g rea t leng th  of air, as 
in th e  m orn ing  or th e  evening, they  a re  yellow, o r orange, o r even blood-red, 
accord ing  to  th e  s ta te  o f th e  a tm osphere . . . . ” 1
“ T h e  ‘ rose o f d a w n ’ is usually  ascribed, an d  w ith sufficient correctness, 
to  tran sm itted  light, th e  b lue o f th e  sky to  reflected  ligh t ; b u t in each  case 
there  is b o th  transm ission  an d  reflection .” 3
' J. T yndall, Glaciers o f the Alps, London, i860, p. 258.
3 Idem , Hours o f Exercise on the Alps, London, 1871, p. 297.
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“ W hat m ainly holds th e  light in our a tm osphere  after th e  sun has retired  
beh ind  th e  earth  is, I  im agine, th e  suspended  m atte r w hich p roduces the 
b lue of th e  sky an d  the  m orn ing  an d  evening red .” 1
O ur skin is m ore suscep tib le  to  the  ac tion  o f ligh t tow ards the  end  of 
w inter, w hen one has becom e unaccustom ed  to  th e  m ore vivid rays o f the 
sun. I no ticed  th is w hen I  c lim bed  partly  up  M onte  R osa in th e  spring of 
1894, in  o rder to  select su itab le  places for ou r cam ps. I  scarcely reached  an  
a ltitu d e  o f 2,600 m etres, an d  yet my neck  an d  the  backs o f my hands were 
so su n b u rn t as never before, even in sum m er w hen I  h ad  stayed in G ressoney, 
from w hich p lace I had  visited the sam e localities.
T h is  phenom enon  is observable in  p lan ts also. T h o se  w ho have som e 
know ledge o f hot-house cu ltu re  will rem em ber th a t p lants m ust be gradually  
accustom ed  to  light. T h e  leaves o f begonias, for instance, tu rn  yellow a t the 
edges an d  then  dry up  if  th e  full light o f th e  sun is suffered to  strike them  in 
the  first days o f spring. T h e  leaves o f am aran ths curl up  an d  o th er p lants 
w ither. If, in stead  of this, they  are gradually  inu red  to  th e  light, they may 
afterw ards be  set ou tside an d  exposed to  the  scorching rays o f th e  sun 
w ithout suffering in any way. In  these phenom ena, no t heat, bu t light plays 
th e  m ost p rom inen t part.
O n  M onte R osa, a t the Riffelberg, a F rench  physicist, M. C o rnu ,2 show ed 
th a t th e  violet rays in th e  sun ’s light are  there  m ore ab u n d an t. Investigations 
on this sub jec t have also been  m ade on th e  m oun ta ins o f A m erica. P h o to ­
graphs o f th e  spectrum  are  visibly different w hen taken  on th e  A lps from 
w hat they are  in  th e  plain.
O ur eye is no t sensitive enough  to  perceive th a t th e  light on th e  A lps is 
richer in violet rays, bu t w hat th e  eye does no t see, th e  skin feels an d  inform s 
us by its inflam m ation th a t there  has been  an  in tense ac tion  o f th e  violet 
rays on the tissues b enea th  th e  epiderm is.
T yndall says th a t no sun ligh t on th e  A lps ever scorched  him  so in tensely 
as th e  electric  light w hile he  was w orking a t th e  ligh thouse o f the N orth  
F oreland . W idm ark  3 o f S tockholm  was, however, th e  first to  prove tha t 
only th e  violet rays p roduce  the  inflam m ation of the skin and  of th e  eyes.
D r Ogneff+ has recen tly  stud ied  eye and  skin diseases, w hich were 
already know n on th e  Alps, in a  large m etallurgie factory in  R ussia, where 
iron  is m elted  by m eans o f electric curren ts. O ne of W idm ark’s m ost 
strik ing experim ents was th a t show ing th a t th e  electric light no longer 
exercises an  inflam m atory  action  on the  skin w hen it passes th rough  glass or 
a th in  stra tum  of w ater w hich ho lds a  little  alum  in solution.
T h e  aqueous vapour con ta ined  in  the  atm osphere  does no t alone suffice 
to  w ithhold  th e  ultra-violet rays. T h is  explains th e  well-known fact th a t the 
skin may becom e su n b u rn t even w hen th e  sky is c loudy o r we are enveloped 
in mist. T h is  cu taneous affection experienced a t first by alm ost all m ountain  
clim bers is called by th e  G erm ans ka lte  V erbrennung  (cold sunbu rn ) in order 
to  ind ica te  th a t it is n o t an  inflam m ation caused  by heat. T h e  redness of
1 J . T yndall, Hours o f Exercise on the Alps, London, 1871, p. 298.
2 Cornu, Observation de la lim ite ultra-violette dit spectre solaire à diverses altitudes. 
Com ptes rendus. Tom e lxxxix. p. 808. Stir l  absorption par C atmosphere des radiations ultra­
violettes. Tom e lxxxviii. p. 1285. S u r la substance absorbante dans i atmosphere les radiations 
solaires ultra-violettes. Tom e xc. p. 940.
3 W idm ark, Skandinavisches Archiv f ü r  Physiologie, vol. i. p. 264 ; vol. iv. p. 281.
4 j . Ogneff, Einige Bemerkungen über die W irkung des elektrischen Bogenlichtes a u f  die 
Gewebe des Auges. Archiv f. d. gesam. Physiologie, 1896, vol. lxiii. p. 209.
th e  skin p roduced  by heat lasts a  m uch shorter tim e than  th e  inflam m ation  
due  to  light.
A m ongst the  m ore recen t publica tions o f derm atologists on solar ery them a 
th e  m onographs o f H am m er 1 an d  Bowles 2 m ust be m entioned . Bowles 
m ade som e experim ents on th e  effect o f th e  su n ’s rays on th e  skin on th e  
G üm ergrat, a t th e  foot o f M on te  R osa. H av ing  dyed h is face brow n (he 
does no t say, how ever, w ith w hat substance), he observed th a t in  ab o u t 100 
persons who were a t the  R iffelalp he  was th e  only one w ho d id  no t suffer 
from the action  o f th e  light.
D uring our expedition  up  M onte  R osa  I  m ade a m ethodical series o f 
observations in  o rder to  d e term ine  w hich co lour m ost effectually p ro tec ts th e  
skin, an d  w hether vaseline an d  grease are  o f any use in  th is respect. I  took 
w ith m e turm eric, red  ochre, b lacklead, an d  soot. So as to  ascertain  the 
effects w ith still g reater accuracy, I  som etim es dyed one-half o f th e  face of 
one co lour and  th e  o th er h a lf o f an o th e r colour, o r else the  nose w ith one 
colour an d  the cheeks w ith ano ther. G enerally, however, th e  w hole o f the 
face and  the backs o f th e  hands w ere dyed w ith th e  sam e substance . I  need  
no t go in to  the particulars o f these experim ents, w hich certain ly  kep t us in a  
cheerful m ood and  proved  a g reat source o f m errim en t to th e  m oun ta ineering  
parties w ith w hom  we cam e in to  contac t. I  found  th a t the b lackening  o f 
the face w ith a  b u rn t cork is a  sufficient p ro tec tion  against inflam m ation of 
the skin, in fact, th is th in  layer o f soo t is so efficacious th a t a  single trial will 
recom m end  it. M r. V allo t a n d  o th e r m oun ta ineers in C ham onix  have th is 
year tested  my m ethod  an d  found  it very useful.
I t  canno t be said  th a t grease is qu ite  useless, since it preven ts too  rap id  
an  evaporation  a t th e  surface o f  th e  skin, b u t it does no t sh ield  th e  skin from 
th e  irrita ting  action  o f th e  v io let rays. V aseline, lanoline, a n d  co ld  cream  d id  
no t prove efficacious.
I I .
T h e  light reflected by the  snow  is th e  origin o f various d iseases o f the 
eye w hich were first stud ied  tow ards the end  o f th e  last cen tury . I n  1793 
the revolutionary  governm ent o f F rance, after send ing  king an d  queen  to  the 
scaffold, so lic ited  an  alliance w ith P iedm ont. In  th a t year th e  P iedm on tese  
soldiers, who were obliged to  cross M ont C enis an d  the  St. B ernard  several 
tim es during  the  winter, suffered greatly  from ocular affections. T h is  is th e  
first in stance on record  of h u nd reds o f persons being  a tta ck ed  in  th is way 
a t th e  sam e tim e.
N um erous w orks have been  issued on th is sub jec t 3 on w hich I  shall 
therefore no t enlarge, only add ing  a  few w ords on observations personally  
m ade.
O nce w hen I  was a t th e  Col du  T h éo d u le  I  m et a  m ountain-clim ber, a  
veritable T arta rin , who, a lthough  he  had  never before been  on  a glacier, set 
off, in th e  face of th e  gu ides’ protests, w ithout glasses, to  perform  th e  ascen t 
of th e  B reithorn. T h is  desp ised  precau tion , even on so sho rt an  excursion, 
had  its no t undeserved  consequences. In  the  evening w hen our m oun ta ineer 
re tu rned , and  we sat dow n together to supper w ith th e  hostess, Signora
1 H am m er, Einfluss des Lichtes a u f  die H aut, S tu ttgart, 1891.
■ B. Bowles, Ueber den Einfluss der Sonnenstrahlen a u f  die H aut. M onatshefte fiir 
praktische Derm atologie, N . I, xviii.
3 J. W . Hoffman, Ueber die Schneeblindheit, M ittheil, deutsch, u. O ester. A lpenvereine, 
N . 6, 1S86, p. 64.
Pesson, no evil effects were as yet no ticeab le  ; b u t in  th e  m orn ing  w hen the 
gen tlem an woke, h is eyelids w ere so swollen th a t he could  no t open them . 
T h is  is sufficient p roof th a t th e  som ew hat sim ilar inc iden t re la ted  by Dr. 
P accard  is no exaggeration. O n com ing  dow n from the  sum m it o f M ont 
B lanc after his first ascen t w ith B alm at, D r. P acca rd ’s eyes w ere m uch 
fatigued by th e  glaring light. In  the  m orn ing  he  rem arked  to his com panion 
on w aking—
“ H ow  strange ! T h e  b irds are  singing before sunrise ! ”
“ N o, it is your eyes th a t a re  sw ollen,” B alm at inform ed him .
I had  to  trea t a  case o f this k in d  in  th e  R egina M argherita  H u t. A  
w orkm an left G ressoney in  o rder to  repair th e  balcony w hich runs round  the 
hu t. I  had  seen him  in perfect health  w hen he  halted  a t G nifetti H u t. 
T h ree  days la te r I  found  him  lying in R eg ina  M argherita  H u t in such a 
cond ition  th a t he  d id  n o t ven tu re  to  descend , so g reat was th e  suffering 
w hich even a  feeble light caused  him . H e  had  crossed th e  glaciers w ithout 
glasses, an d  th e  day afterw ards his eyelids were swollen, an d  he began to feel 
sharp  pains in h is eyes an d  to  see everything as th rough  a  mist.
T h e  swelling o f th e  eyelids is certain ly  very distressing, b u t m uch less 
serious than  th e  a ltera tions w hich m ay take  p lace in  th e  retina. Professor 
Schi e s s ,1 of Bale, relates th a t the Ita lian  w orkm en who cross M ont St. G othard  
on foot w hen they  go to  Sw itzerland a t th e  beg inn ing  o f the spring, are often 
a ttacked  by th is ophthalm ia, especially w hen th e  w ind is blow ing from the 
north . H e  h ad  several cases o f th e  k ind  in  h is hospital, som e of the sufferers 
be ing  a lm ost blind.
T h e re  are o th er affections o f th e  eyes w hich grow worse tow ards evening, 
bu t th e  altera tion  of th e  retina, due  to  fatigue caused by th e  too vivid light, 
o f w hich we a re  speaking, is favourably influenced by twilight. A  less in tense 
light renders th e  sight clearer.
L oeb  2 says th a t th e  feeling o f fatigue is d im in ished  if one takes off one’s 
glasses on the glaciers. I t  m ay be th a t th is acts as a m om entary  stim ulus, 
like co ld  a ir w hich m akes us feel be tte r for a  while. I  shou ld  not, however, 
advise any one to keep  th e  glasses off, as fatigue is thus certain ly  increased  
an d  m uch  harm  done  to  th e  eyes.
O ne o f th e  m any m ountain-clim bers w hom  I in terroga ted  on th e  subject 
o f m ountain-sickness, to ld  m e th a t he  a ttr ib u ted  it to  the too in tense 
ligh t o f th e  glaciers. H e  supported  this by telling m e th a t as a  rule he did 
n o t suffer from  m ountain-sickness, b u t had  been  a ttack ed  by it once, after he 
h ad  broken  his spectacles. T h is  m an  was o f a  nervous tem peram ent, to 
w hom  any strong  light was so annoying  th a t in th e  evening, w hen w alking 
th rough  th e  city, he endeavoured  to  avoid passing chem ists’ shops from the 
w indow s o f w hich those  vases full o f co loured liquid  illum inate  the  stree t by 
m eans of a reflector p laced b eh in d  them .
Siem ens noticed , too, th a t som e o f his w orkm en suffered from nausea and  
vom iting  w hen w orking by very vivid electric  light.
I I I .
T h e  lungs an d  skin are  sub jec t to  a  con tinual evaporation  w hich prevents 
th e  b lood  from  grow ing too hot. W hen, in sum m er, we have w ater sprinkled
1 Schiess, Archiv f ü r  Ophtalmologie, vol. xxv.
- Quincke, Ueber den Einfluss des Lichtes a u f  den Thierkörper. Pfltiger’s Archiv. 
Tom e lvii. p. ioo.
over th e  floors o f o u r room s to  cool th e  air, few th ink  th a t there  is a  sim ilar 
a rrangem ent for the cooling o f our body. T h e  chem ical function  o f persp ir­
ation  m ay be  left a lm ost d isregarded, because  th e  substances elim inated  are 
in m inim um  quan tities only. T h e  w ater persp ired  has th e  office o f providing 
for th e  cooling o f th e  body  by evaporation . W hen dogs bask  in  th e  sun or 
are  h o t they  im m ediately  begin to  b rea the  w ith g rea ter rap id ity  ; we do  th e
F ig . 62.— Rom an balance m ade use o f on the M onte Rosa expedition.
sam e, a lthough  in  a  lesser degree, w hen th e  tem pera tu re  o f  ou r body rises, 
because the evaporation  th u s set up  in  th e  lungs helps to  cool us.
T h e  pan ting  w hich seizes us du ring  ascents, w hen m uscular w ork has 
increased  th e  tem pera tu re  o f th e  body, is therefore  a  m eans o f defence, one 
of th e  m any au tom atic  m echanism s w hich we have in  o u r body, w hich ac t 
unknow n to us an d  som etim es even against ou r will, in  o rder to  m aintain  an  
equ ilib rium  w ithin the organism .
O n my expedition  up  M onte R osa  I  had  taken  w ith m e a  R om an  balance 
w ith a  w eighing capacity  o f 100 kilogram s, a n d  w hich instead  o f th e  scale had 
a  seat o f w ood on w hich a  m an m ight conveniently  p lace him self. T h is  
ba lance  was suscep tib le  o f a difference in  w eight o f four gram s.
A t h a lf an atm osphere , all o ther conditions being th e  sam e, a double  
q u an tity  o f w ater should  evaporate, because, accord ing  to  D alton ’s law, the 
quan tity  o f liquid  evaporating  from a given surface in a  un ity  o f tim e stands 
in inverse p roportion  to  th e  a tm ospheric  pressure. B esides th e  d im inution  
o f  th e  pressure th e  air on th e  m ountains is drier, and  for this reason, too, the 
quan tity  o f w ater evaporating  in a un ity  o f tim e ought also to  be  greater on 
h igh lands than  in  lowlands.
T h e  free en d  o f th e  g raduated  beam  of th e  balance bore an  index in front 
o f w hich there  was a  scale m arked  on a piece o f paper. W hen  a sub jec t had  
sea ted  h im self on the  w ooden board  we w aited till the  beam  of the scale had  
becom e horizontal (its index th en  corresponding  to  th e  sign a ) ,  then  no ted  the 
tim e a t w hich th is equilib rium  was established. As th e  w eight o f ou r body 
d im in ishes on th e  average by 60 gram s every hour, a  w eight o f 10 gram s had, 
after a  certa in  tim e, to  be p laced on the sub jec t’s shoulders so as to  bring  the 
index  back  to  a .  W e m ay say th a t on th e  average ten  m inutes elapsed 
before th e  add itional w eight was rendered  necessary, th a t is to  say th a t the 
■weight o f the  body in a person o f m edium  heigh t an d  w eight decreased, in 
T u rin , by ab o u t one gram  per m inute. A no ther m ethod  w hich we adop ted  
was to  weigh accurately  som e person  and  then , th e  tim e having been  noted, 
to  repeat th e  w eighing w ith th e  sam e exactness one or two hours later, in 
o rder to  ascerta in  w hat loss o f w eight had  been  sustained  during  th is tim e 
th rough  perspiration .
I  need  no t com m unicate  all th e  results ob ta ined  in  these  w eighing experi­
m en ts ; it is sufficient to  say th a t in  general there  is a  less active perspiration  
on  th e  Alps. M any explanations m ay be given o f th is unexpected  fact, but 
un fortunate ly  my experim ents were no t sufficiently num erous to  justify positive 
sta tem ents. I t  is p robab le  th a t the blood-vessels o f th e  skin are  less d ilated  
and  th a t th e  cu taneous circu lation  an d  secretion of perspiration  are  therefore 
less active. T h e  d im in ished  vigour o f th e  circu lation  and  respiration cause a 
d im inu tion  o f pulm onary  and  cu taneous perspiration . All these circum stances 
together form  perhaps a  sufficient explanation  o f th e  fact that, in som e cases, 
we found  th e  loss o f w eight w ithin a  given tim e dim in ished  by h a lf on the 
A lps, a t an  altitude  o f 4 ,560 m etres, w hereas one would have expected to  find 
it  doubled .
T h e  difference in  th e  tem pera tu re  o f th e  air was sm all an d  could  not, in 
m y opinion, give rise to  the phenom enon . T h e  cause o f the difference lies 
possibly in a flagging o f the  chem ical processes. M an gives off on an  average 
one gram  o f carbonic acid  every two m inutes. I f  th e  organic com bustion  
dim inishes, th is loss (w hich is m easured  by m eans o f the R om an  balance 
together w ith th e  evaporated  w ater) ought to  becom e m anifest. T h e  observa­
tions o f my bro ther, w hich show th a t there  is little  variation in  th e  quantity  
o f  carbonic  acid  elim inated  every half-hour in T u rin  an d  in R egina M argherita 
H u t, m ake against this hypothesis.
O ne advantage resulting  from  th e  above observations was th a t they  m ade 
m e acquain ted  w ith the influence w hich th e  A lpine clim ate exercised on the 
w eight o f th e  various m em bers o f our party . In  th e  following tab le  I give 
th e  average w eights as de term ined  in  T u rin  before th e  start an d  in  G ressoney 
before we separated  after the descen t from  the sum m it. C om peten t au tho ri­
ties will know  how great are th e  differences betw een one day an d  an o th e r in 
w eighings o f th is k ind, in  sp ite  o f all th e  precau tions taken, so th a t a  long 
series o f observations, longer th an  I was ab le  to  perform , is necessary to  
ensure abso lu te  accuracy. N evertheless, we see clearly th a t som e m em bers 
o f our party  lost w eight d u ring  th e  sojourn  on M onte R osa, these being 
R am ella, who had  had  an  inflam m ation of the lungs, O berhoffer, M arta, 
Sarteur, Solferino an d  myself, w hereas o thers grew heavier, B eno Bizzozero 
gained 4 kilogram s, C orporal Cam ozzi 1,200 gram s, C orporal Jach in i 1,170 
gram s.
W e i g h t  o f  s o m e  o f  t h e  M e m b e r s  o f  t h e  M o n t e  R o s a  E x p é d i t i o n .
Before. After.
Camozzi ..................................................................................................... 65,600 gr. 66,Soo gr.
O b erh o ffe r .......................................................................... , ........................ >> 57,100 „
M a r ta .............................................................................................................. 71,200 ,, 7 1 ,100 ,,
Sarteur ..................................................................................................... 64,820 ,, 63,800 ,,
Solferino ..................................................................................................... 64,100 ,. 63,800 „
Jachini .......................................  ......................................................... 73,56o „ 74,730 „
Chamois .................. .................................................................................. 62,680 ,, 62,600 ,,
C e n to .............................................................................................................. 69,120 ,, 69,600 ,,
Beno B izzozero ............................................................................................ 56,340 , , 60,500 ,,
Ram ella ..................................................................................................... 62,920 ,, 60,800 ,,
A. Mosso ...................................................................................................... 74,500 ,, 73,4oo „
IV .
A cyclist exam ined by T issié  in  the V elodrom e a t B ordeaux covered 620 
kilom etres in tw enty-four hours. T ak ing  duly in to  accoun t th e  liquids im bibed  
(am ongst w hich were two litres and  a  h a lf o f m ilk) an d  the losses o f liquid  
incurred , it appeared  th a t his body had  lost 7 7 1 0  kilogram s in  weight. As 
his w eight had  first been 70 kilogram s his body was ligh ter after the  race 
by one-tenth.
T h ese  figures will give the reader an idea of the  considerab le  losses w hich 
we are continually  incurring, an d  w hich in m edical phraseology are  said to  be 
due  to  insensible perspiration. C ertain ly  such a  d im inu tion  o f w eight as th a t 
in the cyclist stud ied  by T issié  and  which, in lesser degrees, m ay be found  in 
all o f 'us w hen we perform  an ascent, is in part due  to  th e  elim ination  o f 
carbonic  acid  th rough  th e  breath ing. I  regret no t having been  ab le  to  m ake 
experim ents on the loss o f w eight du ring  ascents. I t  was m y in ten tion  to  do 
so, bu t th e  bad  w eather forced m e to give up  the  project.
Som e may say th a t the  balance is unnecessary  for investigations o f this 
kind, as we have a  special and  very delicate sense, thirst, w hich w arns us 
w hen th e  w ater in th e  organism  is d im inishing. I t  w ould th u s apparen tly  
suffice to  observe carefully w hether we are m uch to rm en ted  by th irst on the 
A lps in o rder to  resolve the question . T h e  m atte r is, however, m uch m ore 
com plicated  than  it appears. W hen perform ing an ascen t we som etim es 
b rea the  w ith ou r m ouths open, an d  this a lone  provokes great th irst, as we 
have all experienced, when, in consequence o f a  co ld  in  th e  head, we have 
had  to  b rea the  th rough  th e  m outh . T h e  dryness of th e  th ro a t excites a 
sensation  iden tical w ith th a t o f th irst, even w hen the body con ta ins sufficient 
water. D uring fatigue and  ow ing to  th e  influence o f th e  rarefied a ir the
secretion o f saliva dim inishes. T h is  is an o th e r serious com plication  w hich 
w ould m islead us were we to  p lace exclusive reliance on  so indefin ite a  
sensation  as th irst in  pursu ing  a study  o f th is kind.
P rofessor O ertel, in  com paring  th e  various m ethods ad o p ted  in m edicine 
to  effect a  d im inution  o f th e  w eight o f th e  body, show ed th a t m ountain- 
c lim bing causes th e  m ore rap id  loss o f a  g reater quan tity  o f w ater.1
In  conclusion I  m ay say th a t a t a ltitudes above 3,000 m etres on M onte 
R osa I d id  no t notice th a t th irst was m ore in tense owing to  a m ore rapid  
evaporation  of water. T h e  regim en followed by m yself and  my com panions, 
w hom  I had  begged to  assist m e in  th is m atte r by a tten tive  observation, 
enables m e, even in th e  absence  o f m ore exact data , to  p ronounce an  opinion 
w ith sufficient confidence. T h e  am oun t o f wine and  coffee d is tribu ted , the 
quan tity  o f snow  w hich we had  to  m elt every day a t G nifetti and  R egina 
M argherita  H u ts  always rem ained  the sam e, an d  no one ever com plained  of 
th irst.
V.
Saussure says th a t we feel the  heat o f th e  sun m uch m ore on the A lps 
than  in th e  lowlands, an d  adds th a t it was th e  heat, no t th e  cold, w hich m ade 
th e  first m ountaineers who a ttem p ted  th e  ascen t o f M on t B lanc tu rn  back. 
I  incline to  the belief th a t there  is som e exaggeration in th is statem ent. 
L e t us, however, consider th e  facts as the ce leb ra ted  G enevan physicist has h im ­
self re la ted  them . Saussure, M. B ourrit, an d  th e  son of the la tte r were at the 
foot o f M on t B lanc a t an  altitude  of ab o u t 3,700 m etres. Saussure h ad  one 
parasol an d  M. B ourrit ano ther, and  neither could  stand  in th e  sunlight w ith­
ou t th is p ro tection  on accoun t o f th e  great h ea t.2
“  I  tried  to  do w ithout it w hile ad justing  the barom eter, b u t could  no t ; I  
was forced to  take  it up  again  an d  M. B ourrit was obliged to  keep close to 
his fa ther in  o rder to benefit by th e  shade of his. A nd  yet these rays which 
our bodies cou ld  no t bear, only exercised an  effect on  the bu lb  of th e  th er­
m om eter equal to  2-k degrees, th is in s trum en t m arking 2'5° in the shade and  
4 7 °  in  th e  sun .”
I t  is a  certa in  fact th a t th e  rays of the sun are  m ore pow erful on high 
m ountains an d  th a t th e  therm ic rad iation  is there  m ore in tense. B u t the 
h igher we go the  co lder does it becom e an d  the a ir does n o t conduc t the 
h ea t so well.
O n  our expedition  I  took a large parasol w ith m e to  shield  us from the 
light w hen we h ad  to  w ork in  th e  open air. W e m ade use o f it several tim es 
in  th e  m idst o f snow, a t a ltitudes co rresponding  to those a t w hich Saussure 
m ade h is observations, b u t we were never so d istressed  by th e  solar light as 
one w ould have expected, judging  from Saussure’s rem arks. N o t even my 
brother, w ho w orked w ith th e  ergograph in th e  sun a t th e  foot o f the arches 
supporting  G nifetti H u t, ever com plained  o f no t being ab le  to  bear th e  heat ; 
in fact none o f our party  suffered from  hea t w hile th e  tem pera tu re  was so 
low. W e m ust, therefore, conclude th a t Saussure and  his com panions were 
m ore sensitive than  we were, or th a t the ir skin was already inflam ed, or else, 
finally, th a t in  those localities w here the ir observations were m ade there  were 
special cond itions w hich w ere ab sen t in ou r own case.
Saussure says th a t th e  therm om eter m arked  in the  shade  2'5°, an d  th a t in 
th e  sun, where the  suffocating heat was unbearab le , it m arked  only 4 7 0. T o
1 Op. cit., p. 103. 2 Saussure, Voyages dans les Alpes, tome iv. p. 437.
this observation  I m ust m ake th e  ob jection  th a t the therm om eter used  was 
no t b lackened , and  th a t for th is reason it ab so rbed  only a  sm all p art o f the 
solar rad iation  so painful in  its effects on the  skin. I t  is a  know n fact th a t a  
brigh t m ercurial b u lb  reflects a  g reat p art o f the heat w hich com es from the 
sun an d  by no  m eans m arks th e  w hole quan tity  received .1
D uring  our so journ  a t R eg ina  M argherita  H u t we often observed an 
iridescence of th e  clouds. O ne evening while we were stand ing  w ith our 
backs to  th e  setting  sun, we saw two great halos in  th e  sky w hich form ed two 
perfect concen tric  circles co loured  like th e  rainbow. T h e  sky before us was 
slightly cloudy. A n o ther tim e w hen th e  sky was clear we saw the shadow  of 
M onte  R osa plainly p ro jec ted  upon  it. I t  was on A ugust 14th, a t th e  hour 
o f sunset. A  dark  triangle began  slowly to rise in  th e  heavens. T h e  basis 
o f th is dusky shadow  stre tched  beyond  th e  extrem ity o f Lago M aggiore 
tow ards Sesto C alende a t th e  righ t and  th e  Lago di V arese to the  left. I t  
looked like th e  rep resen ta tion  o f a  solitary an d  conica l m oun ta in  such as 
Japanese  draw ings have m ade us fam iliar with. F rom  th e  vertex o f the cone 
two dark  streaks b ranched  off in  a  d irection  to  the right, sim ilar to  th e  rays 
o f the  sun w hen it sets beh ind  clouds. T h e  triangular shadow  o f M onte 
R osa  rose slowly and  reached  its m axim um  in tensity  shortly  before th e  sun 
sank  below the  horizon. T h e  illusion was such  th a t for a  few instan ts it 
appeared  to  be no t a shadow , b u t a  reality. I t  van ished  as th e  sun d ropped  
ou t o f sight.
V I.
W hen we are  cold  ou r vessels con tract, the  quan tity  o f b lood  in  th e  skin 
an d  superficial parts  o f our body being thus d im inished. T h e  nervous 
appara tu s regulating  th e  circu lation  closes, so to  say, th e  flood-gates in  the 
d irection  o f the  surface o f th e  body, to  p reven t th e  too  rap id  cooling o f the  
b lood  w hich is th u s accum ulated  in  th e  organs in  the  deeper parts  o f the 
body. T h is  is an  advantage, b u t one w hich has a draw back nevertheless. 
I f  th e  co ld  con tinue , the surface o f the  body m ay be  in ju red  by this 
d im inution  o f th e  circulatory  m ovem ent.
R esis tance  to  cold varies in  different individuals. T h is  fact forces itself 
on our notice w hen we shake hands w ith a  nu m b er o f persons who have been  
for several hours together u n d er the  sam e conditions. T h e  tem pera tu re  of 
the hands we touch  varies greatly. In  general ou r h an d s are  co lder than  
usual in  th e  m orn ing  an d  only begin to  grow w arm  in th e  afternoon.
A ssisted by D r. C olom bo I  m ade a series o f researches on th e  m anner in  
w hich the b lood  circulates in th e  hands an d  feet. T h e  differences w hich we 
found betw een individuals w ere very striking. In  som e, cold  caused  such a  
con trac tion  of the  blood-vessels as to  im pede th e  circulation . W e m ay easily 
notice this if we observe the  co lour o f th e  hands in  a  nu m b er o f persons 
sub jected  to  the sam e degree o f cold. I n  som e th e  skin assum es a  livid hue.
1 F or the m easurem ent o f the atm ospheric tem perature I used a  therm om eter, not 
blackened, but kep t in the shade and well shielded from all irradiation. F o r the m eteoro­
logical observations made on M onte Rosa I m ade use of a  box of wood fastened on a  pole 
fixed in to  the ground. This box, which was open a t top and bottom , had holes in the side 
turned tow ards the north. I m ade o ther observations by putting  the therm om eter within a  
paper cylinder open a t both ends, or by swinging it rapidly round in the m anner o f a  sling by 
means o f a string 10 or 20 centim etres long, fastened through the eye of the therm om eter a t 
one end and held in the hand by the other.
T his  change o f co lour is due  to  th e  less rap id  circu lation  o f the b lood in 
the little  vessels, in  consequence o f w hich it tu rn s to  the  co lour o f blood 
deprived o f oxygen.
I t  w ould be useful to  pursue a  study  of th is k ind  in  a  large num ber o f 
m ountain-clim bers. I  am  convinced th a t physiology will one day succeed in 
establish ing w ith certa in ty  w hat are the capabilities o f the  individual clim ber, 
w hat am o u n t o f resistance he  is ab le  to  oppose to inclem ent w eather and  to 
th e  excessive exertion  o f ascents, thus saving those less fitted  from a  rash 
exposure o f them selves to dangers w hich m enace the ir existence. T h e  
anæ niia o f hands and  feet p roduced  by a  contrac tion  o f th e  vessels under 
th e  influence of cold, is one o f  the  cond itions preced ing  frostbite. T h e  
excess o f defence becom es injurious. T h e  w ithdraw al o f th e  b lood  from  the 
surface of th e  body to  save th e  centres o f life, gives the  peripheral parts 
over to  death .
C ertainly, those who have vessels less sensitive to  th e  cold can, by m eans 
o f slight m uscu lar contractions (since the  circulation  of b lood  still proceeds 
in the ir extrem ities), m aintain  a  degree of tem pera tu re  in  th e  fingers which 
pro tects th e  la tte r against th e  action  of frost. T h ese  differences were b rought 
u nder m y notice a t R egina M argherita H u t during  a  v io lent storm , when 
som e persons arrived w ith feet an d  hands frostb itten , a lthough  perfectly well 
equ ipped  as to  shoes and  gloves.
W hen we are called upon  to  lend  aid to  a  person w hose hands or feet are 
frostbitten, we m ust first o f all rem em ber to take  g rea t care no t to  in jure his 
body in  any  way. All know th a t the  process o f w arm ing m ust be very slow 
a n d  gradual.1
An experim ent o f Ur. C adano  shows th is necessity very clearly. By 
allowing e ther to  evaporate on the h ead  o f a  pigeon, th e  brain  m ay be very 
suddenly  cooled. I f  the  norm al tem pera tu re  is th en  slowly an d  gradually 
re-established, five to eigh t hours being devoted  to  th e  process, th e  anim al 
shows no sign o f any in jury  inflicted an d  wakes up little  by little. O n the 
contrary, if, after cooling th e  brain, tep id  w ater is poured  on the p igeon’s 
head, th e  b ird  shows sym ptom s o f considerab le  nervous d isturbances.
T h e  old rem edy o f guides an d  shepherds o f rubb ing  th e  frozen parts 
with snow  is so bad, th a t it is certainly b e tte r to  do no th ing  ra th er th an  this. 
D r. C adano  m ade experim ents on anim als, in  w hich he froze the ir legs with 
co ld  an d  then  ru bbed  them  in parts w ith snow. H e  found th a t on these 
parts ulcers subsequently  broke out. T h e re  are  crystals in  th e  snow which 
graze th e  skin, an d  these  w ounds are  liable to  becom e th e  seat o f ulcers or 
o ther sores.
W hen circulation  is restored , th e  skin is so tender, an d  so liable to 
becom e inflam ed an d  canker, th a t we m ust be  very careful in touching  it ; even 
the pressure we exercise on it w hen applying m assage m ust no t be too 
forcible. F o r this reason, w hen any one cam e to  R egina M argherita  H u t 
w ith feet and  hands frostb itten , we used to  apply a  gen tle  m assage with 
vaseline, exercising the  com pression from  the  tips o f the fingers in the 
d irection  o f th e  trunk , bu t very lightly and  cautiously, un til a t last th e  skin 
becam e red  and  w arm  again.
Dr. G urgo had  recently  a  personal experience on an expedition  up M onte 
R osa  o f th e  necessity  for cau tion  in  applying friction to  frostb itten  m em ­
bers. “ H e  was ab le  to  affirm th a t the  h an d  on which th e  friction had  been
1 A. Mosso, I l  freddo. Bollettino, Club A lpino, 1894, vol. xxvii.
less violent, im proved  an d  got well m ore rapidly than  th e  o ther w hich had  
been  sub jected  to  m ore energetic rubb ing .” 1
O n th e  re-estab lishm ent o f c irculation  th e  vessels cease to be  con trac ted  
an d  becom e paralysed, an d  th e  skin, reacting  after th e  fatigue undergone by 
the  vessels, grows tum id  and  red. T h e  burn ing  an d  redness o f ou r hands w hen 
we have m ade snow balls give us an  idea o f th e  over-abundant flow o f blood 
to th e  surface o f th e  body w hen som e frostb itten  p a rt is restored. T h e  
redness th en  develops in to  inflam m ation o f  th e  skin, while th e  tingling and  
slight tum efaction  o f the  hands are  only a m ilder form  o f œ dem a and  blisters, 
which m ay give rise to  u lceration  an d  th e  destruction  of th e  skin an d  m uscles 
by gangrene. T h e  feet o f one traveller w ho arrived a t R eg ina  M argherita H u t 
during a  storm  swelled so th a t for th ree days he  was unab le  to  p u t on his 
boots, an d  even w hen he  w ent on h is way he still lim ped. T h e  ears are  m ore 
easily restored  than  the p rom inences o f th e  cheeks, w hich I  have once seen 
frostb itten . T h e  nose is kep t w arm  by the  expired  air.
In  som e instances frostb ite deprives o f feeling in th e  p art affected for 
m onths. T h e  action  o f th e  cold alone, w ithout frostbite, provoked  a  tingling 
sensation  in the  fingers o f th e  S ignora B accelli (who w ith her husband , the 
H on . A lfredo Baccelli, v isited R egina M argherita  H u t  w hile we were there), 
w hich con tinued  even for two days after her re tu rn  to  G ressoney.
A lessandro  Sella to ld  m e th a t once w hile cu tting  steps in a  glacier his 
hands becam e frostb itten . T h e  therm om eter ind ica ted  — 16° an d  there  was 
such a  v io lent storm  raging th a t he  an d  his com pan ions h ad  to  throw  them ­
selves dow n on th e  g round  w hen they  reached  the  sum m it, so as n o t to  be 
carried  away by th e  w ind. A t a  certain  po in t his father, Q u in tino  Sella, 
asked  h im  for help, bu t he was unab le  to  open his hands, w hich were clenched  
round  the hand le  o f the pick. T h e  effects o f th is  frostb ite lasted  for th ree 
m onths, sensibility  bu t no t th e  pow er of m ovem ent being lost. H is  father 
had  one th u m b  frostb itten , of w hich the nail fell off.
V II .
T h e  action  of cold on th e  blood-vessels was one  o f th e  first sub jects 
w hich I stud ied  a t th e  beginning of m y scientific career, b u t th e  experim ents 
o f th a t tim e are  now so old th a t no further m ention  need  be m ade o f them .
I am  convinced, how ever, th a t the  study o f cold is still o f im portance  to  
th e  physiology of m an  on th e  A lps. H erm an n  has recen tly  show n th a t one 
suffers m ore in tensely from  cold w hen one passes from  slightly heated  
prem ises in to  the  open  air, th an  w hen in  w in ter one goes o u t o f a  well- 
heated  room  in to  th e  co ld  outside. I n  accordance  w ith the  physiological law 
o f con trasts one w ould have expected  the  contrary . T h e  reason of the 
phenom enon  is th is : w hen th e  tem pera tu re  o f ou r body has fallen in  conse­
quence of our having been  for som e tim e in a  cold  place, a  fu rther d im inution  
of tem perature , even though  slight, is sufficient to  cause trem b ling .3
O ur g reatest source o f d iscom fort on our expedition  was th e  cold, from 
w hich we suffered m ore in tensely  w hen we w ere encam ped  a t a ltitudes 
betw een 2,500 an d  3,000 m etres, as we could  n o t there  w arm  ourselves by 
m eans o f a  stove. I  tried  to  console m yself by th ink ing  o f Saussure’s 
encam pm en t on the  C ol d u  G éant, w here he m ade a  h a lt o f six teen  days a t
1 G. Rey, Una escursione scolastica a l Monte Rosa. Torino, 1897, p. 20.
3 L . H erm ann, Kleine physiologische Bemerkungen und Anregungen. Pfiiiger’s
Archiv, 1897, p. 599.
an  altitude  o f 3,365 m etres, in the  last century . H e  had  started  from C ha­
m onix a t th e  beginning o f Ju ly  and , after crossing th e  T acu l glacier, had 
p itched  his ten ts  a t the foot o f th e  m ountain  T acu l. A fter having explored 
th e  crevasses an d  steep slopes o f the glacier o f the A iguille N oire he reached 
th e  col w hich descends tow ards C ourm ayeur. Before they reached  the 
sum m it an d  w hen all danger seem ed to  be past, a  cry arose : “ R opes ! ” O ne 
o f th e  porters who had  been  w alking on ahead , carrying Saussure’s m attress, 
h ad  d isappeared  in to  a crevasse. Fortunate ly  he fell on to  a  firm stratum  of 
snow ab o u t tw enty m etres below  the  m ou th  o f th e  crevasse, an d  was saved.
In  th e  accoun t he  w rote Saussure com plains of no th ing  bu t the cold, 
a n d  neither furs, no r cloaks, he says, gave him  satisfactory protection . In  
th e  evening, even w hen the  w eather was fine, he  used to  w rite his no tes while 
he  w arm ed his feet on a  hea ted  stone. I t  was im possible to  light a fire in 
e ither o f th e  two little  ten ts, w hich were o f canvas, an d  th e  hu t was in such 
w retched  condition , so full o f holes th a t there  was no  m eans o f heating  it ; 
th e  coal b u rned  badly, an d  w hen the party  had  succeeded  in  w arm ing their 
feet all th e  rest o f the  body was frozen by the  w ind w hich blew through the 
walls m ade o f loosely piled-up stones.
T h e  illustration  on page 109 shows our cam p near L inty  H u t. T h e  ten t 
w hich served as laboratory  an d  in  w hich D r. A belli slept, s itua ted  som ew hat 
fu rther off, an d  th e  ten ts for our dom estic staff a re  n o t visible.
T h e  ten ts  o f the  soldiers were low er th an  ours an d  six soldiers were 
quarte red  in each. T hey  had  lined th e  canvas w ith b lankets, an d  as the floor 
was covered w ith the ir m attresses the tem pera tu re  w ithin was k ep t high. 
O ne m orning the  therm om eter w hich was hung  up  in one o f th e  ten ts 
m arked  14°; w ithout th e  tem pera tu re  was, as usual, below  zero. A s a rule 
there  were from  8° to  9° in the  sold iers’ tents.
In  th e  evening I  u sed  to  light two candles in  my ten t by w hich to  read  or 
write. T h e  tem perature, if there  were no wind, th en  rose from  o° to  70 or 8°. 
T h is  suggested the  lighting of th e  m oun ta ineer’s lam p in ou r ten t for an hour 
o r tw o before going to bed. As regards w arm th we were n o t so well off as 
th e  soldiers, b u t the air in  ou r ten ts  was better. T h e  ten ts w ith which 
officers o f ou r arm y are  prov ided  are  too  perm eable for m oun ta in  service, 
because w hen th e  w ind blows, it is n o t possib le to  create  inside a  tem pera tu re  
any  less cold than  th a t w ithout.
W hen  A lessandro  Sella an d  I m ade our w in ter ascen t o f M onte R osa we 
had  p lanned , in  case we were surprised  by bad  w eather, to dig a  long, deep  
tren ch  in th e  snow, an d  by way o f practice we bu ilt a  snow -house o f w hich 
th e  en trance  was closed by a  great b lock of ice, du ring  th e  day we h a lted  a t 
th e  C ol d ’O len. W e h ad  fixed a po le  in the m iddle on w hich to  hang up 
o u r therm om eter, an d  two o th er pieces o f w ood served as a support for the 
lan te rn  w hich was to  do du ty  as a  stove an d  warm th e  a ir som ew hat. W e 
h ad  p repared  a soft bed  of snow covered w ith oilskin. H ow  we cherished 
th e  p ro jec t o f sleeping in  th a t ice house  ! W hen we re tu rn ed  from the 
V incen t Pyram id, however, we were too  tired  qu ite  to relish the  idea  of taking 
quarters there, so we renounced  the  plan, consoling  ourselves w ith th e  recol­
lection  th a t the experim ent was, a fter all, needless, sim ilar a ttem p ts having 
been  m ade by th e  crew of th e  J c a n n e llc .1 T h e  E squim aux, too, construct 
new  ice-huts every year. W e know  th a t Saussure also en te rta ined  th e  notion  
o f  bu ild ing  an  ice-hut on th e  sum m it o f M ont B lanc, a p lan  which, however, 
like us he  d id  n o t carry out.
* L'expedition de la “  Jeannette ” au pole Nord, tome i. p. 177.
The Alp-hut Lavez in the Valley of Gressoney (alt., 2,445 metres).
C H A P T E R  X X I
CHANGES IN THE BLOOD ON THE ALPS
I.
“ r  ¥  '  H  A T  clim ate on h igh  m oun ta ins is th e  best w hich m ost effect­
ually restores health  an d  by w hich a  m axim um  activ ity  in  th e  
produc tion  o f new  b lood  is set up, w ith a  m in im um  of d iscom fort 
in  th e  process o f acclim atisation .”1 T h ese  words, p ro n o u n ced  in  th e  C ongress 
o f Swiss physicians by th e  ce leb ra ted  physiologist, P rofessor M iescher, of 
Bale, in 1893, briefly express th e  opin ion generally  h e ld  by physicians 
respecting  th e  so-called trea tm en t by a ltitude.
M ore th an  th irty  years ago J o u rd a n e t2 m ain ta ined  th e  con trary  an d  
affirm ed th a t in A m erica people  w ho live a t an  a ltitu d e  beyond  2,150 m etres 
are  generally  anæ m ic. T h is  conclusion was th e  resu lt o f a  long series o f 
observations w hich he  h ad  m ade during  a  n u m b er o f  years spen t on the
1 F. Miescher, Ueber die Beziehungen zwischen Meereshöhe und Beschaffenheit des 
Blutes. Correspondenzblatt für Schweizer Arzte, October, 1893.
2 Jourdanet, De t  anémie des altitudes, et de F anémie en général dans ses rapports avec 
ta pression de F atmosphère.— Influence de la pression de F a ir sur la vie. Tome premier, p. 
176, Paris, 1S95.
p lateaus o f A m erica. A ccord ing  to Jo u rd an e t there  is an  in tellectual and  
physical inferiority  in th e  populations living on the  slopes of th e  H im alayas 
an d  th e  A ndes, w hich is due  to  th e  lack  o f oxygen, th a t is to th e  chronic 
anoxyhæ m ia of the  blood.
P au l B ert an d  Jo lyet had  th e  b lood o f dom estic  anim als, living a t an 
a ltitude  o f 3,700 m etres, sen t to  th em  from  A m erica, an d  found on analysing 
it th a t it h ad  an  absorptive capacity  for oxygen m uch  g reater th an  th e  b lood 
o f anim als living a t th e  level o f th e  sea.
M üntz m ade sim ilar investigations, b u t w ith grea ter exactness. H e  
carried  som e rabb its  up  the  P ic  d u  M idi (altitude, 2,877 m etres) an d  seven 
years after exam ined the  b lood  of th e ir descendants, com paring  it w ith th a t of 
rabb its  th a t had  always lived in  the  plain. In  th e  form er the b lood  con ta ined  
70 per cent, iron, in  th e  la tte r 40 per cent. ; th e  density  of the  b lood  in  the 
rab b its  from  th e  P ic  was 1,060, in  those from  th e  plain 1,046 ; th e  fixed bodies 
in  th e  first case am oun ted  to 21 p e r cent., in  the  la tte r to  15 per cent. ; th e  oxy­
gen abso rbed  by 100 cubic  cen tim etres o f th e  b lood  am oun ted  to  17 cubic 
cen tim etres in  th e  P ic  rabbits, to 9 cubic  cen tim etres in  the  o thers. Sim ilar 
changes w ere observed also by M üntz in th e  b lood  o f sheep  after they had  
been  for a  few weeks on the  m oun ta in  a t a  heigh t o f 2,877 m etres.1
In  1889 F . V iault, professor o f histology a t B ordeaux, undertook  a  
journey  in  P e ru  an d  Bolivia in  o rder to  study  th e  influence w hich th e  clim ate 
o f e levated  regions exercises on th e  b lood. T h e  observations m ade on the 
C ordilleras, w hich were laid  by V iau lt before th e  A cadem y o f Sciences in  Paris, 
ten d ed  to  show  th a t a t th e  heigh t o f 4,392 m etres th e  nu m b er o f red  cor­
puscles in  th e  b lood  is m uch  g reater th an  norm ally. T h is  increase is 
p roduced , according to  V iault, also by m oderate  elevations, as in  A rosa a t an 
a ltitu d e  of 1,800 m etres.
R egnard  ob ta ined  precisely sim ilar results in  experim enting in th e  labora­
to ry  of th e  S orbonne on  two guinea-pigs w hich w ere k ep t u n d e r a pneum atic  
b e ll.2
I f  th e  reader finds th a t I  am  going too  m uch  in to  detail on  this sub jec t I  
m ust solicit h is patience, as th e  question  is one o f g reat im portance. W ere 
it true  th a t new  b lood  is p roduced  in us m erely by going on to  th e  Alps, and  
th a t the  a ltitu d e  trea tm en t is one o f th e  m ost effectual m eans for com bating 
m any diseases, m oun ta ineering  m ight be  considered  as resting  on  the surest 
o f foundations.
In  o rder to  com prehend  the  difficulty o f these researches the reader m ust 
rem em ber th a t th e  com position  o f th e  b lood  is very liable to  a lter in the 
d ifferent parts  o f  th e  body, especially u n d e r th e  ac tion  o f cold and  heat. 
R ovighi an d  W intern itz  first no ticed  th is fact. T h e  sub jec t was followed up 
by M urri,3 w ho show ed th a t a  sim ple cold bath , if  th e  individual rem ains in  it 
for som e leng th  of tim e, causes an  augm enta tion  in  th e  num ber of the  red 
corpuscles o f th e  blood, th is increase after th e  lapse o f a  few hours giving 
p lace  to  "a d im inu tion  o f the average num ber, w hich decrease, in a  chlorotic 
person, m ay con tinue  for four o r five days.4
T h e  am oun t o f b lood-corpuscles in these persons rem ains constan t ; it
1 Comptes rendus, vol. cxii. p . 208.
2 P . Regnard, La cure d  altitude. Paris, 1897, p . 132.
3 A . M urri, Policlinico,  1894, fascicolo v.
4 T he same results were obtained by D r. E . M angianti, in Professor Bozzolo’s hospital. 
Variazioni locali dei corpuscoli sanguigni per influenze termiche. G iornale M edico dell’ 
Esercito, 1895.
is only the d is tribu tion  w hich varies in  the  ram ifications of th e  circulatory  
system . W hen the  co ld  ac ts  on  the  blood-vessels th e ir calibre dim inishes 
an d  th e  b lood a t th e  surface of th e  body becom es less dense. Vice versa, 
w hen the body is heated  a n d  th e  vessels o f th e  skin d ilate th e  quantity  o f 
serous liqu id  con ta ined  in  th e  peripheral blood-vessels is greater.
I I .
D r. K u th y  o f B uda-P esth  co nduc ted  an  investigation  on th is subject 
in my laboratory . F rom  his article, “  O n th e  m odifications w hich the blood 
undergoes in e levated  regions ow ing to  the d im in ished  barom etric  pressure,” 1 
I m ake th e  following extracts in  o rder to  show in w hat m anner our researches 
on the b lood  were carried  out.
G raw itz3 held that this (i.e., the increase o f red corpuscles) was due to an inspissation 
of the blood arising from the loss o f water which the more rapid evaporation, consequen- 
011 the rarefaction of the air, effects. Schum burg and Zuntz justly observed that the loss 
of water which the body would have to sustain before an inspissation o f the blood was brought 
about would be too great. Several litres o f w ater would have to be lost before the number 
of red corpuscles rose from five to six millions per cubic m illim etre. I f  this were correct, 
it would have been easily ascertained by a  dim inution of the weight of the body, in which 
respect it has not been borne out.
T he most probable hypothesis is that it is due to a  different distribution of the red 
corpuscles and of plasma in the organism . A  phenom enon of this kind had already been 
observed by L esser3 in the blood of anim als after the severing o f the spinal cord, and more 
recently Cohnstein and Zuntz 4 have effected changes in the com position of the blood even 
greater than those observed in m an on the m ountains by means o f the contraction and 
relaxation o f the blood-vessels.
I have occupied myself w ith this problem  simply from a critical point of view, in order 
to test the accuracy of the m ethods h itherto  adopted by o ther investigators and the reliability 
of the results thus obtained. My experim ents m ay be divided into two parts : in the first 
I investigated the composition of the blood of rabbits kep t under a  barom etric pressure 
artificially m aintained below the norm al, in the second I exam ined my own blood, that 
of another person called Giacinto, and of several anim als during a  sojourn from the 9th 
to the 14th of May a t Gressoney la T rin ità , which is at an altitude of 1,627 metres.
These researches are sim ilar to those conducted by R egnard and Jaruntow ski. I made 
exclusive use of rabbits, weighing from 1,500 to 2,000 grams. These anim als were placed, 
one a t a  tim e, under a  large glass bell of the capacity o f 18 litres. H ere  the rabbits lived 
quite well for weeks together a t a  barom etric pressure nearly  corresponding to the height 
o f M onte Rosa, that is, to 4,560 m etres. Every day I had  the anim als taken out for about 
half an hour in order to feed them , and, a t the same tim e, to have the bell cleaned.
I counted the red corpuscles according to the Malassez m ethod, and determ ined the 
am ount of hamioglobin with the Fleischl apparatus, the density o f the blood being 
ascertained in accordance w ith H am m ersch lags m ethod. T h e  results of three series of 
observations on three rabbits are given in a  table.
My observations led me to conclude, firstly (and this seems to me of im portance), that 
the m ethods followed in these researches are inexact, as appears from the disagreem ent 
betw een the results obtained in the three different ways m entioned ; secondly, that the 
composition of the blood in the vessels of the skin of rabbits subjected to the action of 
rarefied air prolmbly undergoes a  change.
O b s e r v a t i o n s  o n  t h e  C o m p o s i t i o n  o f  t h e  B l o o d  i n  M a n  a n d  A n i m a l s  M a d e  
a t  G r e s s o n e y  l a  T r i n i t à  (a l t ., 1,627 m e t r e s ).
I chose Gressoney la T rin ità  for these investigations because it is one of the highest- 
situated villages on the slopes o f the Alps, and also because I was sure of finding all that 
was necessary to enable me to keep to the sam e m anner of living a t the T hedy inn.
1 Dott. Desiderio K uthy, Rendiconti A ccadem ia dei Lincei, 6 Settem bre, 1896.
3 E . Grawitz, Ueber die Einwirkung des Höhenklimas a u f die Zusammensetzung des 
Blutes. Beri. K lin. W ochenschrift, 1895, n. 33.
3 Archiv für A natom ie und Physiol., 1878, p. 41.
4 Schum burg and Zuntz, op. cit., p. 491.
A  week before I started I began to exam ine my blood every day as well as tha t o f the 
person who was to accom pany m e to Gressoney. I made a series o f preliminary researches 
on a  dog weighing 10,300 grams, and on two rabbits, o f which one weighed 1,630 grams 
and the o ther 1,550 grams. I  arranged m atters so that our diet should vary as little  as 
possible during this time and endeavoured always to perform my analyses at the  same hour 
every day in the case o f all the subjects. T he observations on man were m ade before lunch, 
that is, betw een 10 and 1 o’clock, after which, a t 1.30, lunch was taken.
R e s u l t s  o f  t h e  E x a m i n a t i o n  o f  t h e  B l o o d  i n  M a n  a n d  A n im a l s  i n  T u r i n  
a n d  a t  G r e s s o n e y  l a  T r i n i t à  ( a l t . ,  1,627 m e t r e s ).
Average of the
observations
made 111 I un  11
(alt., 4.560 m.).
Gressoney la Trinità.
4th day.
R a b b i t  (weight, 1,630 grams).
N um ber of red corpuscles 6,000,000 6,240,000 6,880,000 6,720,000 6,080,000
Hæm oglobin .............................. 75-80% 75-80% 80-85% 75-80% 75-8o%
Specific gravity o f the blood ... 1 056 1-056 1-058 1-053 I 052
R a b b i t  (weight, 1550 grams).
N um ber of red corpuscles
Hæm oglobin ..............................
Specific gravity of the blood ...
6,800,000
75-8o%
1-056
7,040,000
75-8o%
1-058
7,200,000
80-85%
1-061
6,580,000
75-8o%
1-057
6,620,000
75-8o%
I 058
D o g  (weight, 10,300 grams).
N um ber o f red corpuscles
Hæm oglobin ............  ..............
Specific gravity of the blood ...
5,160,000
80-85%
1-057
5,960,000
So-85%
1-058
5,040,000
80-85%
1-057
5,240,000
80-85%
1-056
5,120,000
80-85%
1-057
G i a c i n t o  (w e ig h t , 5S k ilo g ra m s ) .
N um ber of red corpuscles 4 ,3 2 0 ,0 0 0 4 ,6 0 0 ,0 0 0 4 ,7 2 0 ,0 0 0 5,560 ,000 4 ,800 ,000
Hæm oglobin .............................. 95-100% 95-100% 95-100% 100% 85-90%
Specific gravity of the blood ... 1-058 i ’o6o 1-060 I-0ÓI 1-056
D r . K u t h Y (w e ig h t , 65"5 k ilo g ra m s ) .
N um ber of red corpuscles
-I læmoglobin .....................
Specific gravity o f the blood ...i
4 ,30 0 ,0 0 0 4 ,0 4 0 ,0 0 0 4 ,8 8 0 ,0 0 0 5 ,600 ,000  \
85-90% So-85% 90-95% 90- 95% I
1-058 1-060 I 060 1-060
4,960,000
80-90%
1-058
T he results obtained would seem to show that in the rabbits there was an augm entation 
in the density of the blood during the two first days after they had been taken to Gressoney, 
while the am ount o f hæmoglobin rem ained the same. O n the th ird  and fourth day the 
blood of the rabbits showed a  tendency to regain the composition which it had had before 
in Turin.
T he changes observed in my blood and in tha t o f G iacinto agree with the observations 
o f Viault, M iintz, Egger, and  Miescher. In  these two cases the increase of red corpuscles 
was progressive and constant during the first three days a t Gressoney la T rin ità , and even 
the determ inations of hæmoglobin and of the density of the blood agree better than  in the
other previous observations, showing that there is an inspissation o f the blood in the vessels 
of the skin.
All the observations w hich I m ade a t Gressoney would seem, therefore, to indicate that 
there was an increase in the num ber o f red corpuscles and in the density o f the blood.
These observations are, however, not sufficient to establish as a  fact that there was a 
general change in the composition o f the blood owing to the barom etric depression. These 
investigations should be repeated w ith more accurate m ethods for the exam ination of the 
blood. Above all, it is necessary to keep account of the losses of w ater which our organism 
undergoes through lungs, skin, and  kidneys.
It is probable th a t the more intense action o f the light on the blood-vessels in elevated 
regions and the colder air produce a  change in the circulation, in consequence of which the 
num ber of red corpuscles becomes more abundant in the vessels of the skin. In  this case 
the blood-plasm a would accum ulate in the deeper parts of the body. T he least probable 
o f  all hypotheses is that w hich has hitherto  been m ost generally supported, nam ely, that 
there is an actual augm entation o f red corpuscles.
I I I .
A no ther scientific expedition  in th e  sam e year as m ine was m ade up 
M onte R osa by Professor P iero  G iacosa. A t th e  beg inn ing  o f this chap te r 
there  is an  illustration  o f th e  A lp-hut Lavez in  the  V alley o f G ressoney a t an 
a ltitude  o f 2,450 m etres, w here he stayed for a  certain  tim e in  the years 
1894, 95 and  96. T h e  h u t is com posed  o f a  large stab le  on the  ground- 
floor an d  o f two room s upstairs, o f w hich one served as laboratory  and  
kitchen, th e  o th e r as sleeping-room  an d  laboratory  for m ore delicate  work. 
T h e  situation  could  n o t be b e tte r  for investigations on  th e  m ountains. 
Professor G iacosa has already  pub lished  a  series o f articles on the chem ical 
a n d  bacteriological properties o f th e  w ater an d  a ir in th a t region.
T h e  variations tak ing  p lace in  th e  hæ m oglobin  o f th e  b lood  1 consequen t 
on the ac tion  o f rarefied a ir w ere stud ied  accord ing  to  a  new m ethod. 
Professor G iacosa’s observations were m ade in T u rin , a t th e  A lp-hut Lavez 
(alt., 2,445 m etres) an d  in R eg ina  M argherita  H u t (alt., 4 ,560 m etres), 
w hither he took  an analytical ba lance  o f Sartorius.
In  exam ining th e  b lood  o f D r. Scofone on  an  ascen t o f M onte  R osa, a  
slight increase in  th e  am oun t o f hæ m oglobin  was found.
Professor G iacosa h ad  a  big dog  w eighing 25 kilogram s, an d  another, 
a  fox-dog, w eighing 12 kilogram s, carried  up  to  R eg ina  M argherita  H u t, 
the d iet they  were accustom ed  to  being strictly  adh e red  to . In  th e  b lood  of 
these two dogs the  am oun t o f hæ m oglobin  was found  to be  th e  sam e as in  
the plain. G iacosa therefore  concludes th a t barom etric  depression  has 
certain ly  no t th e  effect o f augm enting  th e  quan tity  o f hæ m oglobin  con ta ined  
in  the  blood. In  two rabb its  also k ep t for five days in  R eg ina  M argherita  
H u t, no sufficiently im portan t variation was found in th is respect to  justify 
the supposition  th a t an a ltitude  o f 4 ,560 m etres has an  influence on  the 
com position  of the  blood.
Z untz an d  th e  bro thers Lœ w y recen tly  stud ied  th e  influence of rarefied 
air on th e  com position  of th e  blood, an d  m ade  a com parison  betw een 
the results ob ta ined  in  B erlin, a t G ressoney, on  th e  Col d ’O len an d  a t 
R egina M argherita  H u t. T hey  cam e to  the  conclusion  th a t th e  num ber 
o f red  corpuscles p resen ted  a  d im inu tion  during  th e  first week o f the ir 
so journ  on M onte R osa an d  a  slight augm enta tion  during  th e  second  week, 
th e  resu lts ob ta ined , however, n o t being h igher th an  those  n o ted  in  B erlin .2
1 P. Giacosa, I l  contenuto in  emoglobina del sangue a grandi altezze. R endiconti dell’ 
Istitu to  Lomlxirdo, voi. xxx. p. 410.
2 A . Lœwy, I. L œ w y and Leo Zuntz, op. cit., Pfliiger’s Archiv, 1897, p. 537.
T h e  observations on M onte  R osa w ould therefore seem  to m ake against 
the prevailing ideas on th e  regeneration  of the b lood in rarefied air. I t  
w ould, however, be un just to  pass on w ithout saying a few w ords on the 
experim ents o f those physiologists w ho m ain tain  an affirm ative opinion on 
th e  subject.
T h e  influence o f the  clim ate o f elevated  regions on th e  com position  of 
th e  b lood  was stud ied  w ith great zeal in  th e  laboratory  of B ale under 
th e  d irection  o f P rofessor M iescher. I t  is w ith a  feeling of sorrowful 
p leasure th a t I  pay a tr ibu te  o f respect to  the m em ory o f th is esteem ed 
colleague in recalling th e  adm irab le  w ork w hich was perform ed by him  and  
u n d e r his guidance, an d  w hich was, alas ! cu t short by his lam en ted  death .
IV .
P rofessor M iescher’s conviction  th a t th e  m ethods adop ted  by physiologists 
to  de term ine  variations o f th e  haemoglobin in the b lood  were n o t sufficiently 
exact, led  h im  to his critical consideration  o f th e  in strum en ts used  in  these 
investigations. V eillon’s w ork on th e  hæ m om eter o f F leischl and  M iescher, 
w hich serves to  m easure th e  colouring m atte r in  th e  b lood, was thus 
originated.
Dr. E g g e r1 during  a so journ  a t A rosa (alt., 1890 m etres necessita ted  by 
th e  sta te  o f his health , pu rsued  investigations on the b lood  for two years, 
in  w hich tim e he exam ined twenty-seven persons. T h e  increase observed 
by E gger in  th e  n u m b er o f red  corpuscles in  these indiv iduals is no t perhaps 
a  fact o f m uch  im portance, as his sub jects were, for th e  m ost part, invalids ; 
b u t in six rabb its  th a t he  h ad  taken  w ith h im  from  th e  laboratory  in Bale, 
he  noticed, too, a  rem arkable  augm enta tion  of these blood-corpuscles. O n 
exam ining th e  b lood o f twelve persons w ith the im proved hæ m om eter o f 
F leischl an d  M iescher he  found  th a t all b u t one of these individuals had  
redder blood.
W hen th e  sub jects re tu rn  to th e  low lands th e  b lood  gradually  regains 
its norm al state. T h a t th e  am elio ration  o f th e  b lood  due  to  trea tm en t 
by a ltitude  is o f brief du ration , is a  p o in t on w hich all physicians are 
agreed. *
H av ing  ascerta ined  th a t a  difference o f level o f 1,626 m etres, as betw een 
B ale  (alt., 266 m etres) an d  A rosa (1,892 m etres)—ab o u t th e  height of 
G ressoney la  T rin ità  above sea-level— effects an altera tion  in  th e  blood, 
P rofessor M iescher de term ined  to  find ou t th e  sm allest difference of level 
w hich w ould p roduce  an  augm enta tion  in  th e  num ber of the  red  corpuscles. 
T o  th is end  he  m ade investigations a t C ham péry  (alt., 1,052 m etres), at 
S em ens (986 m etres) an d  a t L augenbruck  (700 m etres).2
T h e  fact th a t Su ter found an  increase in  th e  nu m b er o f red  corpuscles per 
difference o f level o f 434  m etres (betw een B ale and  L augenbruck) raises the 
d o u b t w hether th e  cause of these changes observed  in the  com position  of the 
b lood  really is th e  d im in ished  barom etric  pressure. As yet we know  no 
sufficiently p lausible reason why th e  num ber o f blood-corpuscles should  be 
increased  by such inconsiderab le  degrees of rarefaction of the air.
1 F. Egger, Beobachtungen an Menschen und Kaninchen über den Einfluss des Klimas von 
Arosa at f l  das B lut. Die histochemischen und physiologischen Arbeiten v. F. Miescher, 
Leipzig, 1897, p. 464.
2 J. Kurcher, E. Veillon, and F. Suter, Ueber die Veränderungen des Blutes beim Ueber- 
gang von Basel nach Champéry, Semens und Laugenbruck. Op. cit. p. 479.
U n til proofs to  the  contrary  are  given, we m ust ra th e r m ain ta in  th a t the  
cause o f the variations observed  lies in  th e  clim atic  conditions, in th e  m ore 
active influence o f th e  sun ’s rays, in th e  g reater dryness of th e  a ir a n d  in the 
altered  m anner o f living.
V.
T h e  conviction  th a t th e  nu m b er o f red  corpuscles an d  th e  quan tity  o f 
haemoglobin in th e  b lood  do  no t increase in rarefied a ir was bo rne  in  upon  
m e on considering the da ta  pub lished  by Suter as show ing th e  influence of a 
difference o f level o f 434 m etres. S u ter found an  increase of 6"4 per cent, 
in th e  n u m b er o f red  corpuscles in  six indiv iduals. A s we know  as yet of 
no fact w hich opposes the  supposition  th a t th e  augm enta tion  in  th e  num ber 
of red  corpuscles is p ropo rtiona te  to  th e  degree o f rarefaction  o f th e  air, we 
ough t to have found  during  our so journ  on th e  sum m it o f M onte R osa 
an  increase o f 64 per cen t, because th e  a ltitude  a t w hich we h a lted  is 
ten  tim es greater th an  th e  difference in level betw een B ide an d  Laugen- 
bruck.
T h is  is incred ib le  ; th e  phenom ena observed by us on M onte R osa and  
th e  results o f th e  investigations o f Scofone and  Z untz  m ake equally against it.
T h e  problem  m ay be thus form ulated . Is  there  an  actua l increase in  the 
num ber o f red  corpuscles ? D oes th e  am o u n t o f colouring substance  o f the 
blood, o f haemoglobin, th a t is, increase in consequence  of th e  barom etric  
depression  ? O r is the re  m erely an  a ltered  d is tribu tion  o f th e  solid  an d  
liqu id  parts  o f the b lood ? In  sp ite  o f th e  u n d o u b ted  au tho rity  o f M iescher, 
I am  o f opinion th a t there  is no  new generation  o f red  corpuscles e ither at 
the m oderate  elevations above-m entioned, o r a t g rea te r heights. S u ter an d  
J a q u e t1 recently  endeavoured  to  solve th e  p rob lem  definitely, an d  in s tead  of 
exam ining one d rop  of b lood ex tracted  from  a w ound they  b led  an  an im al to 
death . As such an experi m entim i crucis can n o t be  repeated  on th e  sam e 
anim al, th e  com parison o f th e  resu lts w ith those  o b ta ined  on  sim ilar anim als 
kept, som e a t B ale a n d  som e a t D avos, im m ediately  com plicated  th e  question. 
T h e  fact th a t external cond itions can  p roduce  o th er changes th an  those  due 
merely to  barom etric  depression alone  suffices to  ren d e r th e  experim ent less 
convincing.
S u ter an d  Jaq u e t cam e to  th e  conclusion  th a t the  rab b its  th a t h ad  lived 
for four weeks a t D avos had  a g rea ter quan tity  o f haem oglobin in  the ir blood. 
T h e  difference is, how ever, so sm all th a t it w ould be  rash to  a ttr ib u te  m uch 
im portance to it. Such variations m ay arise from  o th e r causes, th e  rabb it 
being th e  an im al least ad ap ted  for these  investigations. I ts  tim id ity  is 
proverbial. In  my book F  carp  I  have show n th a t in no o th er an im al are 
the con trac tions o f th e  blood-vessels m ore forcible an d  m ore apparen t. T h e  
rabb it b lushes and  grows pale  m ore easily th an  all o th e r anim als. F o r th is 
reason the  com position  o f its b lood  has a  con tinual tendency  to  a lter. I f  
one bears in  m ind  th e  condition  o f its digestive system , w hich is never em pty 
b u t in con tinual activity, th e  s ta tem en t th a t any  o th e r an im al is b e tte r 
ad ap ted  for these researches th an  th e  rab b it is justified . T h e  investigations 
o f S u ter and  Ja q u e t have therefore n o t p u t an  en d  to  th e  controversy  
b u t m erely ind ica ted  th e  surest way to  com e to  a  decision.
T h e  reader will u n d ers tan d  th e  ex trem e difficulty o f these  studies, in
1 F . Suter and A. Jaquet, Höhenklima und Blutbildung , op. cit. p. 529.
9 Fear. Introduction IV . London, 1896. T ranslated  by E . Lough and F . Kiesow.
w hich th e  ob jec t o f research  is a  m inim um  variation  in th e  com position  of 
th e  blood. T h e  m ethods w hich we ad o p t are  no t very accurate, an d  perhaps 
th e  error w hich th e  use of them  involves is g rea ter th an  th e  very variations in  
th e  b lood  w hich we wish to  com pute.
T h e  b lood  is con ta ined  in  a system  o f tubes sub jec t to  a continual 
variation  o f d iam eter. U n d e r  th e  influence o f hea t a n d  co ld  especially, and  
owing also to  o th er causes in d ep en d en t o f barom etric  changes, they  d ilate or 
con trac t a t th e  surface o f th e  body, o r in ternally  in  th e  organs. W hen they 
con trac t the  b lood  is less rich  in solid parts, w hen they  d ila te  there is a 
m ore a b u n d an t m ixture of red  corpuscles w ith th e  serum  o f th e  blood.
T h e  m ost serious difficulty is tha t, as physiologists have no t as yet any 
positive know ledge as to  th e  origin o f th e  b lood  corpuscles, it is im possible 
for them  to try to find ou t e ither in  an im als o r in  m an w hether there  is a 
g reater activity a t th e ir po in t o f origin, in  th e  organs, th a t is, charged  w ith 
th e ir form ation.
T h e  physicians of th e  clim atic health-resorts, en thusiastic  a t th e  success 
o f the ir trea tm en t, have endeavoured  to  ascerta in  the real cause o f the 
im provem ent o f m any invalids in  e levated  regions. T h e  persons they  study 
are  those  w hose condition , owing to  the ir previous suffering, shows a rap id  
am elio ration  in  m ountain-air. In to  these  researches suggestion is liable to 
en te r as a  factor w hich m ust no t be neg lec ted  in  ou r estim ation  o f the results, 
an d  w hich justifies th e  w ish th a t sim ilar observations should  be  repeated  with 
m ore accura te  m ethods on healthy  persons.
A n  expedition  sim ilar to  m ine w ould perhaps solve th e  problem . O ther 
physiologists will, I  hope, carry  ou t th e  idea, th e  physicians o f th e  clim atic 
s ta tions will then  be  ab le  to  apply  practically  the  know ledge resulting  from 
observations on  healthy  m an.
T h e  norm al quan tity  o f b lood  in  the  body is g reater th an  is necessary, 
for healthy  m an keeps a t the  disposal o f th e  organism  a  certa in  am oun t o f blood 
w hich m ay be  called  in to  requisition  to  m eet em ergencies. In  w om en this 
surplus com pensates for periodical losses susta ined  ; in b o th  m en  an d  w om en 
it is as a reserve-store in case o f acc iden ta l losses. T h is  ex tra  supply of 
b lood  is so considerab le  th a t we canno t adm it an im m ediate  p roduc tion  of 
new  corpuscles on slight changes in  th e  a tm ospheric  pressure. N atu re  is too 
ingenious, too  econom ical in  her m ethods n o t to  find o th er m eans of 
com pensation , w ithout having recourse to  an increased  activity of th e  organs 
w hich generate  th e  blood. T h e  la tte r m echanism  only acts in  extrem e cases, 
w hen danger is im m inent, n o t a t every little, scarcely observab le  variation  in 
th e  p ressure o f  th e  atm osphere.
V I.
C old  ra th e r th an  barom etric  depression  exercises, as I  believe, an  in tense 
influence on th e  com position  of the  b lood on  th e  A lps. I t  w ould be useful 
to m ake experim ents on th is subject, sim ilar to  those w hich A lberton i and  
N ovi perform ed on dogs and  M urri on ch loro tic  w om en. T h e  am oun t o f 
iron elim inated  w ith th e  bile an d  u rine  becam e th ree  tim es greater in a  dog 
k ep t in  a  co ld  b a th  for four hours. In  w inter, weak persons are  m ore liable 
to  suffer from  chlorosis th an  in w arm er seasons. M urri has show n th a t this 
im poverishm ent o f th e  b lood  is due  to  th e  dele terious action  of th e  co ld  on 
the  red  corpuscles.
I  m ention  these facts m erely as an  ind ication  o f th e  serious com plications 
w hich ren d er th e  study o f th e  b lood  on th e  A lps a  m atte r o f so m uch diffi­
culty. T h e  enum eration  shows, too, w hat problem s still d em and  investiga­
tion. T h e  first question  to  solve is w hether th ere  is really a  m odification of 
the blood, appearing  as a constan t phenom enon  w henever one goes in to  the 
m ountains, even w hen only to  a ltitudes below  one th ousand  m etres, as was 
m ain tained  by M iesch er, an d  after h im  by all th e  specialists o f clim atic health- 
resorts. O nce it is estab lished  as a  fact th a t there  is a g reater n u m b er o f red  
corpuscles in th e  surface vessels o f th e  body, it rem ains to  be ascertained  
w hether in those deeper-situa ted  th e  b lood  has becom e m ore dense. O ur 
researches are useless un til we find ou t w hether there  is really a  new p roduc­
tion  o f red  corpuscles, o r w hether th e  change observed  is due  to  an altered  
d is tribu tion  of th e  solid an d  liquid  parts o f th e  blood.
T h e  la tte r exp lanation  seem s to  m e the  m ore p robab le  o f th e  two, a lthough  
the last w ork pub lished  on th e  sub jec t by Schaum an  an d  R osenqu is t,1 o f the  
U niversity  o f H elsingfors, speaks for an  increase o f the red  corpuscles in  
anim als sub jec ted  to  d im in ished  barom etric  pressure.
T h ere  is, it seem s to  me, a  source of erro r in  all these  researches insp ired  
by B ert’s 2 theory  o f m ountain-sickness. P au l B ert’s conclusion  th a t “ to u t 
s’explique par la d im inu tion  de l’oxygène du  sang ,” being  accep ted , in  o rder 
to  explain th e  fact th a t after th e  subsidence  o f th e  first sufferings one 
accustom s o n e’s self to living in e levated  regions, it was fu rther m ain ta ined  
th a t the  m odification in  th e  com position  o f th e  b lood  is accom pan ied  by an  
augm ented  respiratory capacity  of th a t fluid. P ro fesso r M iescher an d  others 
gave it as th e ir op in ion  th a t th e  m arrow  o f th e  bones regulates th e  am oun t 
of red  corpuscles w hen the supply o f oxygen becom es insufficient. R egnard  
m ain tains th a t th e  m icrocytes are  transfo rm ed  in to  red  corpuscles, while 
o thers ho ld  th a t the  resp irato ry  com pensation  is effected m erely by an 
increase of hæ m oglobin  in the  corpuscles o f th e  blood.
As yet it has no t been  proved  th a t th ere  is a lack o f oxygen in th e  
b lood a t m odera te  elevations such as those  taken  in to  consideration  by 
Professor M iescher w hose work, as well as th a t o f o thers perform ed la ter b u t 
in th e  sam e d irec tion , lacks no t only an  experim ental b u t also a  teleologica! 
basis.
M odern  m edical a rt a ttr ib u te s  g reater im portance  to  trea tm en t by clim ate 
than  to  the influence of o th er rem edies in  certa in  diseases. T h is  is a  sensib le 
tendency  an d  we physiologists will certain ly  n o t com bat it. M oun ta in  air 
m ay be  useful for m any reasons, b u t n o t because th e  deficiency o f oxygen 
produces an  augm enta tion  of th e  b lood. In  his recen t work on th e  trea tm en t 
by a ltitude, R egnard  has endeavoured  to  show  th a t th e  increase o f the 
respiratory elem ents o f th e  b lood  is th e  basis o f a  m ethod  o f trea tm en t, and  
th a t anrem ic persons, th e  convalescent, those  suffering from  d istu rbances of 
d igestion, ch ron ic  bronchitis, nervous affections, th e  n eu ras then ic  a n d  the  
m elancholy, shou ld  be  sen t in to  the m ountains.
I do  no t th ink  th a t a so journ  in rarefied a ir effects an  im m ediate  a lteration  
o f the b lood, “ u n e  véritab le  explosion d e  m icrocytes,” to  m ake use of 
R eg n ard ’s own words. N e ith e r can  I th ink  th a t th e  am o u n t o f hæ m oglobin  
in th e  red  corpuscles augm ents, n o r th a t th e  b lood  of an  an im al th a t has 
lived in rarefied air always abso rbs a  g reater q u an tity  o f oxygen. T h is  
v ictorious struggle o f th e  organism  in rarefied  a ir against cond itions unfavour­
1 O .  S c h a u m a n  u n d  E .  R o s e n q u i s t ,  1st die Blutkörperchenvermehrung im Höhenklima 
eine wirkliche oder eine scheinbare t  A r c h i v  f ü r  g e s a m .  P h y s i o l o g i e  6 8 °  B a n d ,  p .  5 5 .
2 P. B e r t ,  Pression barométrique, p .  1102.
able  to  life, th is radical change in  th e  b lood  on  the  m oun ta ins is no t to my 
m ind  so ev ident as to  justify  its uncond itional accep tance  as a tru th .
T h e  study  o f acclim atisation  a t g reat heights gave rise to th e  recent 
discussions on th e  trea tm en t by a ltitude. P au l B ert enunc ia ted  the  idea at 
first m erely as a  hypothesis, facts for its support were sought afterw ards. T h e  
opposite m ode o f p rocedure  is, however, generally  th e  surest in  science, first 
facts, th a t is, and  then  theories. T h e  red  corpuscles have been  com pared  to 
barks w hich carry th e  oxygen o f th e  lungs in to  all parts  o f th e  body. W hen 
the  w eight o f th e  oxygen w hich each bark  can carry has becom e less on 
accoun t o f th e  rarefaction  o f th e  air, nature , it has been  said, wisely increases 
th e  num ber o f barks ; th a t is, constructs im m ediately  a  large num ber of red 
corpuscles. T h is  theory  is beautiful, b u t observed facts m ilitate against it. 
W e have a  p roo f o f this in th e  fact no ticed  by C onw ay an d  o th er travellers 
th a t th e  natives o f A sia an d  A m erica bo rn  a t g reat a ltitudes suffer m ore from 
m ountain-sickness th an  E uropeans. C onw ay says, in  fact, th a t th e  natives of 
th e  H im alayan  slopes, born  an d  b red  a t an a ltitu d e  of 10,000 feet, suffered as 
m uch  as he  a n d  his p arty .1
W e are thus led  by an o th e r way to  conclude  th a t the seat an d  origin of 
this m alady is in th e  nervous system , an d  th a t acclim atisation  is a  growing 
pow er o f resistance an d  adap ta tion  to  th e  barom etric  depression acquired  by 
th e  nerve-centres.
A n ev iden t p roof th a t the  b lood  does no t becom e m ore a b u n d an t at 
g rea t a ltitudes is easily ob ta inab le  by all m ountain-clim bers w ho will exam ine 
th e  colouring  o f the skin an d  m ucous m em branes in  those individuals who 
live on th e  high A lpine pastures. O ne often m eets w ith poor creatures who 
spend  several m on ths o f th e  year in  som e lonely valley, herd ing  the ir sheep 
an d  goats a t heights above 2,500 m etres. I  have never found  one o f these 
individuals who h ad  the  flourishing look o f the  shepherds an d  peasan ts of 
th e  plain. T h e ir  skin is o f  an  earthen  colour, th e ir o u te r aspect alm ost 
inclines one to  th in k  th a t Jo u rd an e t was righ t in  his theory  o f anæ m ia caused 
by altitude.
M any physicians send  the ir p a tien ts  in to  the  m oun ta ins in th e  hope 
th a t they will recover m ore speedily owing to  an im m ediate  generation  o f a 
large nu m b er of red  corpuscles due  to  th e  rarefaction o f th e  air. I, too, 
believe th a t an  A lpine clim ate m ay exercise a  favourable influence in  th e  case 
o f invalids, if they  do no t go beyond  an  a ltitude  o f 2,000 m etres, bu t th is is 
no t because th e  deficiency of oxygen gives rise to  a  reaction w ithin the 
organism  an d  to  an  increase o f b lood  corpuscles. T h e  trea tm en t by altitude  
resem bles th e  hydropath ic  trea tm en t in its processes an d  in  its effects, only 
th a t instead  o f show er-baths an d  plunge-baths, we have th e  sharp  air, the  
w ind an d  th e  sun w hich ac t on th e  body. O ther factors in  the  trea tm en t by 
a ltitude  are  light an d  m otion w hich m odify th e  circu lation  o f th e  b lood and  
lym ph, the A lp ine surroundings, th e  obligatory following of th e  rules o f 
trea tm en t, th e  m ore hygienic an d  natu ral m ode o f  life.
1 Op. cit. p. 112.
Gressoney la T rin ità  (alt., 1,627 metres).
C H A P T E R  X X II
E X P L A N A T IO N  O F M O U N T A IN -S IC K N E S S — A C A P N IA
J.
M O U N T A IN -S IC K N E S S  has been  though t a  sim ple asphyxia due to  lack o f oxygen, whereas, in  reality, it is a  very com plex  p h e ­nom enon, as th e  arteria l b lood  loses a  considerab le  p a r t o f its 
carbonic  acid  w hen th e  barom etric  p ressure d im inishes, a n d  even before the 
effects due  to  the  lack o f oxygen in  th e  air app ea r th e  ph en o m en a  p ro d u ced  
by th e  d im inution  o f carbonic  ac id  in  the  b lood  have already  m anifested  
them selves.
F rom  the tim e w hen I stayed in th e  R eg ina  M argherita  H u t, a n d  no ticed  
th a t th e  resp iration  there  becam e slower a n d  w eaker, I  becam e conv inced  
th a t in a ir rarefied to less than  h a lf an  atm osphere  th e  p repondera ting  cause 
o f m ountain-sickness could  n o t be  lack  o f oxygen. I n  R eg ina  M argherita  
H u t I had  w ith m e P au l B ert’s book  on “  B arom etric  P ressu re ,” an d  on 
looking a t the diagram  show ing th e  d im inu tion  of oxygen an d  carbon ic  acid  
in arteria l b lood  when th e  barom etric  p ressure decreases, I  saw a t once  th a t 
on high m oun ta ins there  m ust be a  g reater lack o f carbonic  ac id  th an  oxygen 
in  the b lood. B ert writes, indeed , th a t “ les variations de  l’acide carbon ique  
son t considérab lem en t plus é ten d u es que celles de l’oxygène.” 1
1 Op. cit. p. 644.
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Fræ nkel an d  G eppert, as I  have already said in  C hap te r X V I., found on 
analysing th e  b lood  of dogs in  rarefied air th a t up to  a  p ressure o f 410 m illi­
m etres the am o u n t o f oxygen con ta ined  in th e  body does no t alter. W e 
know, how ever, th a t on M onte R osa, an d  even a t an  a ltitude  of only 3,300 
m etres, m ountain-sickness m ay appear in a very v io len t form, a lthough  the 
barom etric  read ing  is only 500 m illim etres.
H iifner, certain ly  one o f the  greatest au thorities on the physiology o f the 
b lood, show ed, as I  have already m entioned , th a t so lu tions o f hæ m oglobin 
sim ilar to the  b lood  begin to d issociate only w hen th e  barom eter m arks 
238 m illim etres. By m eans o f artificial blood, if I  m ay so express myself, 
H iifner convinced  him self th a t no t even on th e  h ighest sum m it o f th e  H im alayas 
w ould the  hæ m oglobin  lose the  property  o f abso rb ing  the norm al quan tity  of 
oxygen, and  th a t the cause o f m ountain-sickness, up  to  an  a ltitude  of 9,000 
m etres, m ust n o t be  sought in  any physical o r chem ical change in  the hæ m o­
globin  o f th e  b lo o d .1
T h e  experim ents o f F ræ nkel a n d  G eppert, an d  those o f H iifner, which 
show ed th a t the  sa tu ra tion  of the  b lood  w ith oxygen does no t change at 
heigh ts m uch  beyond  those a t w hich m ountain-sickness breaks out, oblige us 
to  a ttrib u te  this indisposition  to  som e o th er cause th an  the d im inution  of 
oxygen. T h is  o th er cause is, I  believe, th e  d im in u tio n  o f  carbonic acid  in  
the blood.
M ountain-sickness is, indeed, m ore serious a t n igh t an d  in  repose when 
th e  consum ption  of oxygen is lessened, b u t it is then , too, tha t the production  
o f carbonic  acid  is d im inished. I f  no t by th e  lack  o f carbon ic  acid  in the 
organism , there  is no m eans o f explain ing  th e  relief experienced on rising in 
th e  n igh t w hen we are  seized w ith oppression  on th e  chest, pa lp ita tion  of the 
heart, an d  difficulty in  b reath ing. I t  is no t necessary in  o rder to  im prove our 
cond ition  to  b rea th e  th e  pure, co ld  a ir outside, a  little  m ovem ent, w alking a  
few steps suffices. M uscular con traction  in p roducing  carbonic  acid, partly 
re-establishes the equilibrium  of th is gas in th e  blood.
D r. A. Lcewy 2 was the  first to  no tice  th a t in th e  p n eum atic  cham ber one 
feels b e tte r if one  m oves ab o u t a  little. A  sub jec t stud ied  by h im  was 
unab le  to  w ithstand  a  barom etric  depression  co rresponding  to  an  altitude  
below  4 ,500 m etres, if he d id  no t in  som e way con trac t h is m uscles, and  
m erely by w orking w ith th e  ergostat th is individual w arded  off a fainting-fit 
w hich m enaced  h im  in  repose.
T h e  cause of these phenom ena appears ev iden t w hen we study the 
analyses o f  th e  b lood m ade by F ræ nkel an d  G eppert. F rom  the table  in 
w hich the ir experim ents are  sum m ed  u p  we see th a t the  dogs from  w hich 
b lood  was draw n, for the purpose of analysis, a t the usual pressure and  in 
rarefied air, were n o t always quiet. W hen anim als are  restless and  breathe 
w ith g reater in tensity , it som etim es happens th a t in  rarefied a ir there  is a  
greater quan tity  o f oxygen in the ir b lood  th an  a t th e  usual pressure. T h is  
m ust, o f course, be considered  as an  erro r in  th e  experim ent. Sim ilarly a t 
o ther tim es a g reater quan tity  o f carbonic  acid  m ay be found in  th e  blood 
in rarefied air.
O u t o f tw enty experim ents, o f w hich th e  results a re  given by F ræ nkel 
an d  G eppert, only seven are  in this way disqualified. I f  we take th e  average 
o f the  rem ain ing  th irteen  experim ents, we find th a t the  arteria l blood 
con ta ins less carbonic  acid  in rarefied air than  a t the  norm al pressure. F rom
1 H iifner, Ueber die Gesetze der Dissociation des Oxyhämoglobins. Archiv f. Physiologie, 
1890. 2 Op. eil. p. 16.
th e  analyses of these two investigators we see tha t th e  arteria l b lood  o f the 
dog u nder pressures varying from 460 to 198 m illim etres loses r ô j  carbon ic  
acid  to  I o f oxygen.
I have found th a t on th e  average one-sixth o f the usual am oun t o f carbonic  
acid  is lacking in th e  arteria l b lood of a  dog  b reath ing  rarefied air such as 
is found on the sum m it o f M onte  R osa. W e canno t say th a t th is is an  
insignificant variation, as carbonic acid  is a  very im portan t substance  to 
w hich the nervous cen tre  has been  accustom ed  from the very beg inn ing  o f 
life. W e shall see la ter on th a t we are  m uch  m ore susceptib le to a given 
d im inu tion  of carbon ic  acid  in the b lood th an  to a  corresponding  increase of 
the  sam e.
I t  was necessary to  give som e nam e to  this new  sta te  o f the  blood, 
opposed  to asphyxia an d  w hich had  no t as yet been  stud ied  by physiologists. 
I though t to  designate the lack o f carbon ic  acid  by a  G reek word, an d  as the 
ancien ts were no t acqua in ted  w ith carbon ic  acid  an d  had  therefore no  nam e 
for it I  chose the w ord sm oke  as m ost resem bling  it in  a  physiological sense, 
an d  so coined the w ord acapnia  from «rntrror, w hich m eans w ithou t sm oke.
O n m oun ta ins of the height o f M ont B lanc, therefore, we w ould seem  to 
be sub jec ted  no t to  asphyxia bu t to acapn ia .
I I .
T h ere  is a  sim ple m ethod  of ascerta in ing  w hether really th e  d im inution  of 
oxygen alone produces the  phenom ena  o f m ountain-sickness, o r w hether the 
deficiency of carbonic  acid  plays som e p a rt in th e  m atter, a n d  th is is to  
augm ent the  p roportion  o f oxygen con ta ined  in the  a ir we b reathe, while 
a t th e  sam e tim e the  barom etric  p ressure is d im in ished . If, w hile the sam e 
quantity , in weight, o f oxygen is b reathed , we see th a t u n d e r great barom etric  
depressions the indisposition  of the sub ject is less serious w hen carbonic acid  
is b rea thed  in as well as oxygen, we m ust conclude th a t acapn ia  really exists, 
a n d  tha t to  it m ountain-sickness is in p art due.
I  com m unicate  an  experim ent o f th is k ind  m ade in th e  pneum atic  
cham ber, the sub ject being m ade to  b rea the  air con ta in ing  a  quan tity  o f 
oxygen surpassing the norm al. T or this purpose I m ade use o f com pressed  
oxygen, as fu rn ished  by B rin ’s O xygen C om pany, L ondon . T h is  oxygen is 
con ta ined  in  large iron tubes w hich hold  2,800 litres o f th e  gas com pressed  
to  120 atm ospheres. A nalysis convinced m e th a t this oxygen is a lm ost per­
fectly pure. By m eans o f a  valve w hich regulates th e  pressure I caused  the 
oxygen to  pass in to  an ordinary  gasom eter w ith a  capacity  o f 500 litres. A  
tu b e  o f th ick  ind ia-rubber form ed the  com m unication  betw een th e  gasom eter 
and  the pneum atic  cham ber. A  tap  in th e  in terio r o f th e  cham ber enab led  
th e  sub ject to  supply h im self a t will w ith oxygen.
April 6th. Pressure, 744 mm. ; Temperature, 15°.
Giorgio M ondo, servant in the laboratory, counts his pulse after rem aining seated for ten 
minutes. Six tim es in succession the rate is 55 to the m inute. Breathing, 11 per m inute.
A t 8.57 a.m . he enters the pneum atic chamber.
T im e .  P u ls e .  P r e s s u r e  i n  m i l l im e t r e s .
S.59 ... 55 ... 664
9.1 ... 55 ... 604
9.5 ... 63 . . .  544
9.7 ... 65 ... 514
9.10 ... 64 . . .  484
T im e .  P u ls e .  P r e s s u r e  in  m ill im e t r e s .
9 . 1 3  . . .  6 5  . . .  4 6 4
9 . 1 6  . . .  6 7  . . .  4 5 4
9 . 1 8  . . .  6 9  . . .  4 4 4
9 . 2 0  . . .  7 2  . . .  4 3 4
9 . 2 1  . . .  7 4  . . .  4 3 4
9 . 2 2  . . .  7 6  . . .  3 6 4
9 .2 3  . . .  8 0  . . .  3 44
9 . 2 5  . . .  8 1  . . .  3 4 3
U p to this point M ondo, with whom I was able to speak through the window panes in 
the chamber, had told me that he felt quite well. T he colour of lips and cheeks was norm al, 
and he was not sleepy. But now he let me know by touching his head with his hand tha t he 
was not feeling quite so well. D uring the three m inutes following his condition rapidly 
grew worse. H e was pale and his face had a  suffering expression. T he pressure was now 
336, breathing 11.
9.28. Pulse, 86. Pressure, 336 mm. Dizziness. H eavy breathing. Nausea. T he rare­
faction o f the air corresponded to an altitude of 6,500 metres. This height had been
reached in half an hour.
I make a sign to him to fill a  bottle with air 1 for the purpose of analysis : immediately 
afterwards, a t 9.30, he opens the oxygen-tap. A t this m om ent we close the other tap by 
which the air enters the bell. T he pump continues to act. A bout too  litres of oxygen 
pour in.
9.32. Pulse, 73. Pressure, 334 mm. T he subject w rites that he feels better.
9.34. Pulse, 64. Pressure, 314 111111. By a m ovem ent o f the hand to the head he makes
me understand that the phenom ena of indisposition have disappeared. H e w rites on the 
sheet o f paper which lies before him : “ W hen I took the oxygen I felt my hands and legs 
trem ble.”
9.36. Pulse, 63. Pressure, 294 mm.
9.38. Pulse, 63. Pressure, 290 mm. M ondo lets me know that he is feeling well and
that all symptoms have disappeared. H e  draw s 19 breaths in the minute.
9.41. Pulse, 66. Pressure, 283 111111. T he subject writes : “  I feel well, bu t the pulse is 
stronger.”
9.47. Pulse, 80. Breathing, 13. After replying to certain questions which I put to him,
he writes on the sheet o f paper, which he then shows to me through the window, “  W hen I
speak I do not feel so w ell.”  Pressure, 256 111111.
9.57. Pulse, 92. Breathing, 12. Pressure, 250 mm. Mondo writes : “  I  feel rather 
dizzy. Breathing difficult.”
9.59. Pulse, 102. Pressure, 246 111m. H e fills a  bottle with air for the purpose of 
analysis, and  im m ediately afterw ards opens the oxygen-tap so that the normal pressure is 
gradually restored. Fifteen minutes la ter the subject issues from the pneum atic chamber.
In  sum m arising, we see th a t M ondo  was sub jec ted  w ithin thirty-three 
m inutes to  a  rarefaction o f the air co rresponding  to  an  a ltitu d e  o f 6,500 
m etres, th e  barom eter w ithin the  cham ber m arking 336 m m . A t tha t 
m om ent, w hen he  was no longer ab le  to  w ithstand  it, being a ttacked  by 
nausea  an d  dizziness, he  filled a b o ttle  w ith air w hich analysis show ed to 
con tain  ig 'g  per cent, o f oxygen an d  o 'g  per cent, o f carbonic acid . T h e  
pulse, w hich a t first had  beat 55 tim es per m inute, was beating  86 tim es in 
th e  m inu te  a t this depression. T h e  ra te  o f b rea th ing  w hich a t the  norm al 
p ressure was 11 was now 12.
W hen 100 litres o f oxygen h ad  pen e tra ted  in to  th e  pneum atic  cham ber, 
the indisposition  rapidly d isappeared , th e  pulse fell from 86 to  63, a lthough  
the  in ternal p ressure was no t d im inished. O n th e  contrary, the ra te  o f 
b reath ing  rose from 12 to  ig , subsequently  slackening again in p roportion  as 
th e  carbonic  acid, p roduced  by the breath ing, accum ulated , th e  access o f 
fresh air being prevented .
A fter tw enty-nine m inutes th e  barom etric  depression  was 246 m m ., w hich
1 F or a description of these bottles see page 302.
corresponds to  th e  h ighest sum m it o f th e  H im alayas, th a t is, to  an  a ltitu d e  
o f 8,800 m etres. M ondo becam e unw ell again as a t first. T h e  pulse beat 
102 tim es in th e  m inute, an d  the sub jec t drew  tw elve b rea th s per m inute . 
H e  filled ano ther bo ttle  with air w hich subsequen t analysis show ed to  con ta in  
th e  following volum es :—
17 per cent, oxygen.
2"2 per cent, carbonic acid.
H e  took a little  oxygen to revive h im self an d  th en  im m ediately  began the 
descent.
In  fifteen m inutes, from a barom etric  p ressure equal to  an  a ltitu d e  of
8.800 m etres, the  sub jec t had  reach ed  the. usual a tm ospheric  pressure. W hen 
he  cam e ou t he said  he felt well an d  to ld  us th a t w hen he  filled the second 
bo ttle  with air he felt a  sudden  w arm th ab o u t his head, a  trem bling  of the 
hands, an d  a slight dizziness.
T h e  m ost im portan t p art o f this experim ent lies in  the com parison  o f the 
com position  of the a ir : th e  first tim e, th e  sub jec t show ed sym ptom s of 
m ountain-sickness a t an  a ltitu d e  of 6,500 m etres, an d  th e  a ir con ta ined  iq 'q  
per cent, oxygen ; th e  second  tim e, the phenom ena  appeared  a t an  a ltitude  o f
8.800 m etres, an d  the air con ta ined  17 per cent. H e  was ab le  to  ascend  
higher, if I m ay so express myself, w hen th e  air con ta ined  less oxygen. F o r 
th e  sake o f g rea ter clearness we m ust reduce th e  values o f these analyses per­
form ed a t the ord inary  pressure a n d  expressed in volum es, to  the value in 
w eight o f th e  p roportion  of oxygen a t the  pressure o f 336 m m . an d  of 246 
mm . In  th e  footnote 1 these questions are  w orked out. T h e  result shows
1 T he air contained according to volume—
19 ’9 per cent...................................... oxygen.
and in weight—
22 per cent. ..............................  oxygen.
W ith these data  it is easy to find out w hat was the weight of oxygen in every too  parts of 
air a t the inner pressure of 336 mm. when the indisposition was severe.
22 X 336
760 : 22 : : 336 : : a- .v =  ------------- =  9 7
760
Before the introduction of the oxygen, therefore, the air in the bell contained in too  parts 
in weight only 9 7  of oxygen. After the introduction o f oxygen the analysis o f the air 
showed that the la tter contained in volume 17 per cent, oxygen. I f  w'e now reduce the 
volume to weight we have—
22 X 17
i9 '9  : 22 : : 17 : x  a- = -----------------=  1S79
19-9
T h at is, a t the ordinary pressure" 17 volumes per cent, correspond to tS 79 in weight per 
cent. In  order to find out w hat weight o f air there was when the pressure in the pneum atic 
chamlxtr was only 246 m m ., that is, when the subject felt ill the second time, we m ust work 
out the following proportion :—
1S79 X 246
760 : 18 79 : : 246 : a- a- =  ------------------= 6 0
760
/
th a t a t a  p ressure o f 336 m m . the sub jec t b rea thed  9 7  per cent, in weight 
o f oxygen, an d  th a t a t a  p ressure o f 246 m m . he  only b rea thed  6 per cent. 
T h is  fact seem s a t  first sight a  paradox as th e  sub ject w ould appear to  have 
w ithstood the depression b e tte r w hen the  am oun t o f oxygen was smaller, 
in  th e  p roportion  o f 6 to  9 7  ; b u t if we take th e  carbonic  acid  in to  account 
the con trad ic tion  is explained, because th e  first tim e the air con ta ined  o'g  
p e r cen t, carbonic acid, w hereas th e  second  tim e there  was 2'2 per cent, 
carbonic  acid.
W e conclude  that, by add ing  carbon ic  acid  to th e  air, one is ab le  to 
w ithstand  a  rarefaction  of the a ir co rresponding  to  an  a ltitu d e  of 8,800 m etres 
w ith a  lesser quan tity  o f oxygen th an  is requisite  a t an a ltitu d e  o f 6,500 
m etres.
I I I .
W hen  th e  a ttem p t is m ade to p enetra te  the m ore elevated  regions of 
th e  atm osphere  by m eans of balloons, the aeronau ts m ust n o t m erely take 
oxygen w ith them  as P au l B ert advised. T h e  foregoing rem arks on acapnia  
have show n th a t a  sufficient quan tity  o f carbonic  acid  m ust be  ad d ed  to the 
oxygen in  o rder to  re-establish the equ ilib rium  of these gases in th e  blood. 
L arge stores o f com pressed oxygen and  carbonic  acid  m ust therefore be taken. 
O ne o f th e  saddest inc iden ts in the h istory  of these researches is tha t 
fu rn ished  by th e  d isastrous ascen t o f th e  Z en ith . A  p ic tu re  in  P au l B ert’s 
book shows th e  car o f th e  balloon  a t th e  solem n m om ent o f departu re  on the 
15th April, 1875. T w o hours la te r Sivel an d  C roce-Spinelli lay dead  within 
it. T h e  b ladders full o f oxygen a ttach ed  to  th e  car were so sm all th a t they 
w ould no t have h e ld  ou t even for h a lf an  hour ; the  aeronau ts d ied  w ithout 
having consum ed  th is stored-up gas ; perhaps they left off using it w hen they 
found  th a t it d id  no good, perhaps while they were inhaling  it acapn ia  caused 
th e  tube  to fall from  their hands.
I f  it be allow able to  com pare th e  experim ents m ade w ith rarefied a ir in 
th e  pneum atic  cham ber to  balloon ascents I  m ight say th a t up  till the  
presen t day I  have reached  a  g rea ter a tm ospheric  heigh t than  any one else, 
so far as I can  judge from  th e  publications w hich I  have read  on th e  subject.
C roce-Spinelli an d  Sivel d ied  w hen the balloon had  reached  a height 
w here th e  p ressure was 262 mm .
G laisher on h is h ighest balloon a scen t,1 on w hich he  was accom pan ied  by 
Coxwell, reached  the heigh t o f 8,100 m etres before he  and  his com panion lost 
consciousness. P robab ly  they d id  n o t ascend  beyond  10,000 m etres. Paul 
B ert a tta in ed  in th e  pneum atic  cham ber a  m inim um  pressure o f 248 mm., 
Out w ithstood this depression  only for two m inutes, during  w hich tim e he 
continually  b rea thed  oxygen.
By inhaling  oxygen I was once ab le  to  w ithstand  a barom etric  depression 
o f 220 mm ., an d  a t an o th e r tim e o f 192 m m . I t  m ade a strange im pression 
on m e w hen I found I could  cover th e  w hole o f th e  barom etric  colum n w ith 
th e  palm  of my hand.
A n g e l o  Mosso.
April Sth. Pressure, 750 mm. Temperature, 17“.
A t 8.50 a.m ., after rem aining seated for ten m inutes, I count my pulse. For five minutes 
in succession it beats as follows : 59, 59, 58, 59, 58.
A t 9.7 I enter the cham ber and the pum p which rarefies the inner air is put in action.
1 See Paul B ert’s critique. Pression barom étrique, p. 199.
T he large gas-m eter was full o f oxygen and in  communication with the pneum atic chamber, 
so that I could a t any m om ent effect the passage of oxygen into the latter.
T im e . P u ls e . P r e s s u r e  in  m m .
9.12 63 600
9.16 66 5 3 0
9- *9 68 510
9.22 69 490
9.25 69 480
9.28 69 470
9.32 69 440
9-34 70 430
9-35 71 410
9-37 71 400
9.44 76 3S0
9.45 77 370
At this depression of 370 m m ., which corresponds to an altitude of 5,700 metres (the 
lim it, according to Fraenkel and G eppert, up to which the blood contains its normal quantity 
of oxygen), I breathe 14 times per minute. I write that I feel well, unable to find that 
anything is the m atter with me. My co n d itio n 's  normal.
9.50. Pulse, 80. Pressure, 360 mm. I sigh from time to tim e, my pulse seems to me 
weaker, there is a  slight buzzing in my ears. W hen I whistle I notice that in running up the 
scale some of the notes are not so clear as in norm al air.
9.54. Pulse, 84. Pressure, 350 mm.
9.55. Pulse, 83. Pressure, 340 mm. T he pulse is weaker, but the impulse of the heart 
is more extended and stronger, as I notice on laying my hand on my chest.
9.56. Pulse, 88. Pressure, 330 mm. I move hands and legs, stretch  myself, and feel 
better after performing muscular contractions.
10.1. Pulse, 92. Pressure, 330 mm. Sudden sensation of w arm th about the head. I 
breathe 15 times per minute, the depth of the respiration being the same as usual.
10.7. Pulse, 92. Pressure, 320 mm.
10.10. Pulse, 92. Pressure, 320 mm. I drink some water, stooping down to lift 
the bottle from the ground without experiencing any discomfort.
10.15. Pulse, 107. Pressure, 320 mm. In  the last five m inutes my condition has 
rapidly grown worse. I feel a slight dizziness. I see near and d istant objects through the 
window quite well, but am no longer capable o f the continued atten tion  necessary to count 
the pulse. I twice m ake a m istake and break off*. I lose two m inutes and grow confused, 
but do not feel sick nor trem ble. I am calm but absent-m inded and cannot count the pulse. 
I try to execute a few deep inspiratory movements in order to prom ote a  more active renewal 
of the air within the lungs, but this seems rather to hurt me than to  do me good, because I 
feel afterw ards a slight dizziness due to cerebral anæmia, as I som etim es experience also in 
ordinary air. T he only difference is that now the dizziness comes over me im m ediately after 
three or four deep breaths. T he rarefaction of the air corresponds to an altitude o f 7,141 
metres.
A t 10.18 I take some oxygen. W hen the tap  is opened the current issuing from the gas- 
m eter strikes me on the chest.
10.20. Pulse, 76. 150 litres of pure oxygen have poured in. T h e  radial pulse has become 
so weak that I can no longer count it. I am  obliged to feel the  carotid artery. T he inner 
pressure is reduced to 410 mm.
10.22. T he radial pulse is im perceptible. I feel the carotid artery and count 62,76. I 
feel well, breathe 18 times in one m inute, and then 19 tim es. T he impulse of the heart in 
the thorax has disappeared. I let some air in.
10.28. Pulse, 62. Pressure, 330 mm.
10.32. Pulse, 66. Pressure, 290 mm.
10.35. Pulse, 66. Pressure, 270 mm. I write that I feel well.
10.37. Pulse, 78. Pressure, 240 mm.
10.38. Pulse, 84. Pressure, 230 mm.
10.40. Pulse, 86. Pressure, 220 mm. I w rite that indisposition is rapidly increasing,
I am slightly dizzy, have some difficulty in counting the pulse, and am troubled w ith nausea. 
I fill a  bottle w ith air which subsequent analysis showed to contain : —
27*1 per cent oxygen, 1*9 per cent, carbonic acid.
I notice that nervous phenom ena are more m arked than before although the pulse is less
I take some oxygen, soon recover, and  then effect a  speedy re-establishm ent of the norm al 
pressure. I  feel perfectly well on com ing out of the pneum atic cham ber.
F rom  the calculations in th e  foo tno te  1 we see th a t a t 220 m m ., since the 
a ir con ta ined , accord ing  to volum e, 27T  per cent, o f oxygen, I  b rea thed  only 
8 '66  parts o f oxygen in  weight, w hereas a t the  p ressure o f 320 mm. I  b rea thed  
9'2Ó parts  in every 100 parts o f air. T h e  analysis show ed th a t if there  were 
less oxygen there  was, however, a  g rea ter am oun t ( r g  per cen t.) o f carbonic 
acid  w hen the b arom eter m arked  220 mm.
T h e  pulse d id  not, however, re tu rn  to  th e  norm al ra te  in sp ite o f the 
ab u n d an ce  o f oxygen, an d  rem ained  a t 62 instead  o f falling to  58 or 59.
D uring th is experim ent I  was struck  by th e  rap id  aggravation of m y con ­
d ition . A fter having let in ab o u t 150 litres o f pure oxygen I d ilu ted  th e  air 
a  little  so as to  render it less rich  in  oxygen. W hile th e  p ressure was slowly 
decreasing, the  com position  of th e  air rem ain ing  in all probability  constan t, 
I no ticed  a sudden  increase o f indisposition . N ausea, w hich had  no t troub led  
m e before, suddenly  appeared  ; a lthough  the pulse now beat only 86 tim es in 
th e  m inu te  instead  o f 107 tim es as before, th e  nervous phenom ena were 
m uch  m ore serious— so m uch so, in fact, th a t I  began to  feel som e anxiety, 
a n d  had  to  b reak  off th e  experim ent by tak ing  som e oxygen. T h is  sudden  
indisposition  I have observed a t o th er tim es ; as an  exp lanation  of it I suggest 
th a t in  th e  organism  there  m ay be  stores o f oxygen w hich are  rapidly 
exhausted  in rarefied air.
A no ther fact is rendered  ev iden t by this experim ent, nam ely, th a t we m ust 
m ake a d istinction , in studying  m ountain-sickness, betw een circulatory and  
nervous d isturbances.
T h e  first tim e, a t 10.15, th e  pulse beat 107 tim es per m inu te  and  the 
nervous phenom ena were bearable.
T h e  second  tim e, a t 10.40, the  pu lse only beat 86 tim es in  th e  m inu te  
an d  th e  nervous phenom ena  were m ore serious. P robab ly  th e  oxygen acted  
w ith m ore efficacy on th e  hea rt th an  on th e  nervous system.
W hen I  began to  feel unw ell I  drew  a series o f deep  brea ths in o rder to 
renew  th e  air in th e  lungs, b u t I  felt no resu ltan t benefit.
T h e  beneficial effect o f oxygen is therefore ev iden t w hen we b rea the  it at 
barom etric  depressions co rresponding  to  a ltitudes above 7,000 m etres. As 
soon as I  b rea thed  in oxygen the pulse fell from  107 to  62. I  d id  not 
b reathe pure  oxygen because my head  was a t som e d is tance  from th e  tube. 
O ne circum stance w hich I am  a t a  loss to  explain is the  great w eakness o f the 
heart-beats w hen I b rea the  oxygcnised air. T h e  radial pu lse becam e so 
w eak th a t I  cou ld  no  longer coun t it : w hen I p u t my hand  on th e  region of 
th e  heart, th e  im pulse o f th is organ was likewise lacking and  I had  to  lay my 
fingers on th e  arteries o f th e  neck in o rder to  de term ine th e  ra te  o f the pulse.
320 X 22
760 : 22 : 320 : x  x =  9 '2 Ó
760
271 X 22
19 9 : 22 : : 27-1 : x  x =  2995
1 9 9
29 95 X 220
760 : 29-95 • • 220 : x  ^ =  8-66
IV .
In  the following experim ent I  d irec ted  m y a tten tio n  m ore particularly  to  
those nervous d is tu rbances from  w hich I suffer w hen I  sub jec t m yself to  th e  
g reatest degrees of rarefaction o f th e  a ir w hich I can  w ithstand.
A n g e l o  Mosso.
A p ril  25th.—Pressure, 742 mm. Temperature, 16'5°.
A t 3.40 p.m . I sit down to rest, and wait in this position until the pulse becomes steady,
4.10. Pulse, 70, 69, 69, 70. Breathing, 19 per minute.
4.20. Pulse, 70.
4.30. Pulse, 70.
4.35. Pulse, 70.
4.41. I enter the pneumatic cham ber and the rarefaction of the air is begun.
4.50. Pulse, 74. Pressure, 502 mm. Breathing, 16.
5.6. Pulse, 88. Pressure, 340 mm.
I begin to feel a  slight heaviness o f the head. I m ust therefore be subjected within 25 
m inutes to a  rarefaction of the air corresponding to an altitude of 6,400 metres before the 
m anifestation of the first symptom of indisposition. I breathe 11 times per minute. I try to 
whistle, and succeed while the pressure is 330 mm. I execute muscular contractions with 
arm s and legs and feel better.
5. to . Pulse, 88. My thoughts are liable to w ander when I  count the pulse. I often 
have to begin over again, and  in order to lighten the task I am obliged to count it only for 
30 seconds. Thus, I find the num bers 44, 41, 42.
5.17. Pulse, 44. Pressure, 322 mm.
5.23. Pulse, 83, counted during a whole m inute. My indisposition has disappeared ; I
write in my note-book that I am  feeling better. I am again able to count the pulse for one 
m inute together w ithout breaking off or letting my thoughts w ander. Pulse, So, 86. 
Breathing, 14. Pressure, 292 nun.
5.28. I still feel well. Pulse, 84. Pressure still 292 mm.
5.30. My head begins to feel heavy again. Pulse, 86, 88. Breathing, 14 per minute.
Stom achic and intestinal gases escape. I  feel neither sick nor sleepy. I see near and distant
objects quite clearly through the window.
5.35. I write that I do not feel well. I feel indifferent, apathetic.
5.39. I fill a  bottle full o f air for subsequent analysis, and then open the oxygen-tap 
after remaining for about a quarter o f an hour a t the pressure o f 2Q2 mm. ( =  7,617 metres).
I feel better as soon as I breathe oxygen. I close the tap  letting in the outer air. About 
too  litres of oxygen had poured in, the pressure increasing by scarcely one centim etre and 
dim inishing again immediately when I close the tap. D uring this tim e I m ake no observa­
tion, as I feel tired.
5.47. Pulse, 64. Pressure, 302 mm.
5.50. Pulse, 65. Pressure, 290 nun.
W hen I lay my hand on the cardiac area I no longer feel the beating o f the heart, the 
pulse is filiform and I have difficulty in counting it. T he rate o f the pulse has therefore
fallen below the normal, although the pressure is as before. T he rate of breathing has, on
the contrary, increased, owing to the oxygen, being now 19 per minute.
5.58. Pulse, 66. Breathing, 18. Pressure, 252 mm.
6.0. Pulse, 69. Pressure, 232 mm.
6.4. Pulse, 73. Pressure, 222. I begin to feel my head heavy.
6.7. Pulse, 80. Breathing, 18. Pressure, 202 mm.
6.9. Pulse, 84. Breathing, 18. Pressure, IQ2 nun.
My handw riting is little altered. I do not trem ble, nor feel sick nor sleepy, but over­
come with apathy. My lead-pencil, which I lay on the table, rolls off and  falls into a pail 
of water in which are the tubes of the bottles which serve to collect air for subsequent 
analysis. Seeing that I have no means o f continuing to write, unless I stoop to pick up the 
pencil, which is too much trouble, I break off the experim ent although my condition is less 
distressing than the first tim e. I fill a  bottle full of air and then open the oxygen-tap. In 
15 minutes the usual pressure is re-established. O n coming out I feel well. H a lf  an hour 
later I was at dinner a t a friend’s house. I had, however, less appetite than usual.
In  this experim ent I w ithstood th e  rarefied air longer th an  the tim e before, 
having resisted  until the  p ressure sank to  292 mm ., w hereas th e  first tim e I
only held  ou t un til it fell to  325 mm . W e often find this, nam ely, th a t the 
resistance to  rarefied a ir varies from  one day to  ano ther. I t  m ust, however, 
be  rem arked  th a t it is difficult to  say w hen th e  phenom ena o f indisposition 
reach  th e  sam e degree o f in tensity . G iorgio M ondo  who, in  th e  experim ent 
com m unicated  in  this chapter, only w ithstood th e  rarefied air un til the  
pressure o f 336 mm . was reached, had  held  ou t until the  pressure sank to 
324 mm . tw o days previously. T h e  indisposition  does no t augm ent u n in ­
terruptedly , b u t breaks ou t periodically, re tu rn ing  w ith m ore or less violence 
as long as th e  larefaction  of the a ir continues.
O ur observations du ring  these experim ents on m yself an d  th e  one 
preced ing  on G iorgio M ondo led us to  conclude w ith certa in ty  th a t the 
augm entation  in  th e  ra te  o f the cardiac pu lsations in rarefied air is no t due 
to  m echanical cond itions to w hich the  d im in ished  pressure a t th e  surface 
o f the  body gives rise, because th e  pulse fell, owing to th e  effects o f the 
oxygen, from 88 to  64 (th a t is, 4  pu lsations below  th e  norm al rate), while 
th e  p ressure rem ained  constan t a t 290 mm . T h e  cause o f th e  m odification 
o f the activity  of th e  heart, w hich here  m anifests itself w ith surprising 
intensity , is therefore chem ical in  its na tu re . N o t less im portan t is the 
increase w hich takes p lace in  th e  rate  o f b rea th ing  u n d e r th e  influence 
o f  oxygen, th e  nu m b er o f  respirato ry  m ovem ents p e r m inu te  rising from 
14 to 19, a lthough  everything w ould have led  one to  expect the  contrary  
phenom enon.
F rom  th e  calculations in  th e  foo tno te  1 we see th a t the  first tim e I left 
off a t a  p ressure o f 292 m m ., w hen I was b rea th ing  8*45 parts  o f oxygen 
in w eight in every 100 parts. T h e  second  tim e I  held  ou t till a  pressure 
o f 192 mm . was reached , w hen th e  a ir con ta ined  8*14 of oxygen in  w eight 
in  every 100 parts. H ere , too, we find again  w hat I have observed in 
all sim ilar experim ents, nam ely, th a t th e  second  tim e one w ithstands a 
g reater d im inu tion  of p ressure a lthough  th e  quan tity  o f oxygen a t the 
d isposal o f the  organism  is less. In  th is second  case, however, th e  quantity  
o f carbon ic  acid  was greater, being in the  p roportion  of 2*1 per cent., w hereas 
in  th e  ordinary  air, taken  a t a  pressure o f 292 mm . an d  analysed in the 
sam e way, we found only 0 8 per cent, o f carbonic  acid.
I t  is im portan t to  rem em ber th a t I m ight have borne  a  still greater 
barom etric  depression  th an  IQ2 m m . ( =  alt., 1 1 ,650  m .) and  th a t I  con ­
c luded  th e  experim ent, no t because I  felt ill as the first tim e a t a  pressure 
o f 292 m m ., b u t because o f an  acciden t w hich p reven ted  my con tinu ing  to 
write. If, w ith less oxygen, I  bo re  a  fu rther depression o f 100 mm . of 
m ercury, th is  m ust be  due  to  th e  presence o f th e  2-i per cent, o f carbonic  
acid  in  the  resp ired  air.
1 T he analysis of the air showed it to contain, in volumes, at a  pressure o f 292 mm. :
20* I per cent, oxygen, 0*8 per cent, carbonic acid ; 
and at a pressure of 192 mm. :
29*18 per cent, oxygen, 2*1 per cent, carbonic acid.
292 X 22
760
29*18 X 22
19*9
192 x  32*25
760
19*9 : 22 : ; 29*18 : a  x  = ------------------------------  =  32*25
X
760 : 32*25 : : 192 : x  x  = -------  =  8* 14
D r. G eorg von L ieb ig ,1 who has done  m uch excellent w ork on th e  sub ject 
o f respiration , recen tly  pub lished  an  article on th e  causes w hich ren d e r it 
im possible to  w histle in  rarefied air. B ert, while experim enting  in th e  
pneum atic  cham ber, found th a t he  cou ld  n o t w histle a t a  p ressure of 500 
mm ., w hich corresponds to  a he igh t o f only 3,334 m etres.2 D r. Schyrm unski 
o f  B erlin found likewise th a t he  could  no t w histle in  th e  pneum atic  cham ber 
in  a  rarefaction of th e  air correspond ing  to  the he igh t of M onte R osa.
W hen I  read  these  observations I im m ediately  concluded  th a t these  two 
physiologists m ust be  m ore keenly suscep tib le  to  th e  ac tion  o f rarefied  air 
than  myself, an d  I rem em bered  th a t in  R egina M argherita  H u t th e  soldiers 
often w histled, an d  in  the evening they often accom pan ied  th e  song o f som e 
com rade in th is way in qu ite  a  m asterly  m anner. I  have repeated ly  tested  
this observation , as in th is last experim ent, an d  have found  th a t a t a  p ressure 
co rrespond ing  to  an a ltitu d e  o f 6,600 m etres I can  w histle qu ite  well, bu t 
a t a h igher degree of rarefaction  I experience a  certa in  difficulty in  p roducing  
th e  h igher notes. T h o se  w ho suffer p robably  can n o t execute an  expiration  
sufficiently rap id  an d  forcible to  p roduce  the w histling sounds. W e have 
already  said th a t even m erely speaking, w hen th e  air is m uch  rarefied, 
occasions d istress an d  fatigues one m ore. H u m b o ld t rem arked  th a t on 
arriv ing  a t Q u ito  (alt., 3,000 m etres) it becam e a  g reater effort to speak.
V.
In  1895 I laid  the  tracings o f b rea th ing  an d  pu lse w hich I  h ad  taken  
on  M onte  R osa 3 before the In te rn a tio n a l C ongress o f Physiologists held  
in  B erne, an d  gave it as my opin ion  th a t they  cou ld  only be  explained 
by acapnia .
A m ongst the facts 011 w hich I based  m y hypothesis, th e  w eightiest was 
th a t o f th e  respiratory  a rrest observed in  all my com panions during  sleep, 
a  com plete  a rrest w hich, in  the case o f my b ro ther, lasted  regularly for 12 
seconds. I f  th e  am o u n t o f oxygen in arteria l b lood  does no t vary un til there  
is a  p ressu re  of 410 mm ., the constan t fact o f periodic respiration , observed 
a t a  p ressure of 423 m m . on M onte  R osa, m ust be due to  acapnia . I t  is th e  
deficiency o f carbonic  ac id  w hich occasions long intervals o f repose in  th e  
respiratory  centre, a lthough  th e  ra tion  o f oxygen in th e  a ir is d im inished. 
I m ade an o th e r com m unication  on  th e  sam e sub ject to  th e  Socié té  de 
B iologie in  Paris .4 D r. R egnard  m ade th e  ob jec tion  to  my theory  of 
acapnia  th a t th e  d im inu tion  of carbonic  acid  on th e  m oun ta ins m ust be  very 
insignificant,s b u t it seem s to  m e tha t the d a ta  given in  th is chap te r p rove th e  
contrary.
T h e  stim ulus w hich m akes us b rea the  is a certa in  degree o f accum u­
lation  o f carbon ic  acid  in the  blood. W hen th e  carbonic  acid  in  th e  b lood 
dim inishes, th e  need  of b rea th ing  ceases. H erin g  an d  A. Ew ald 6 found 
th a t w hen they m ade a  dog b rea the  very forcibly by m eans o f a  bellows, th e  
blood lost ab o u t th e  h a lf o f th e  carbon ic  acid  w hich it con tained .
I t  is to  this d im inu tion  o f carbon ic  acid  tha t, in  sp ite  o f th e  contrary  
op in ion  o f m ost ab le  physiologists, we m ust a ttrib u te  th a t a rrest o f  b reath ing
'  G . v. L iebig, Warum man unter einem stark verminderten Luftdruck nicht mehr
pfeifen kann. M ünchener M edic. W ochenschrift, n. 10, 1S97.
3 Op. cit., p. 752. 3 Op. cit., p. 752.
4 Société de Biologie, 5 M ars, 1S97.
5 Paul Regnard, La eure cf altitude. Paris, 1897, p. 97.
6 A. Ewald, Zur Kenntniss der Apnoe. Pflüger’s Archiv, vol. vii. p. 575, 1783.
w hich is know n u n d e r the  nam e o f apncea an d  of w hich I  have given tracings 
ob ta ined  on  m an in  Figs. 52 and  53. T h is  was th e  opinion of M iescher.1 
T h is  hypothesis, w hich considers apncea as arising from th e  d im inution  of 
carbonic  acid  in  th e  blood, seem s to  m e to  cover all th e  changes w hich I 
observed in th e  b rea th ing  on M onte R osa an d  of w hich I therefore hold 
acapn ia  to  be  th e  sole explanation.
A s yet physiology has no t exam ined th is particu lar sta te  o f th e  organism  
in w hich th e  b lood  contains less than  th e  norm al am o u n t o f carbonic acid.
L ahousse found, indeed, th a t w hen peptone, th a t is, d igested  album en, 
is in jec ted  in to  the veins a  d im inution  of carbonic  acid  in  th e  arteria l blood 
is p roduced . Im m edia te ly  after th e  in jection  vom iting appears, the respiratory 
m ovem ents are  slackened, an d  som etim es th e  thorax  tends to  stop  its m ove­
m ent, while th e  an im al shows signs o f b reath ing  w ith difficulty. M uscular 
streng th  dim inishes, th e  an im al seem s tired  an d  walks unsteadily . T h e  
blood-vessels a re  d ila ted  an d  the b lood-pressure feeble. T h e  rate  o f the 
cardiac pu lsations reaches a  m axim um . T h e  an im al is sleepy an d  dejec ted .2
W e m eet w ith no  o ther m aterial m odification of th e  organism  w hich may 
give rise to  these phenom ena resem bling  those o f m ountain-sickness, excepting 
th e  defective cond ition  o f the blood, w hich con ta ins less carbonic acid  and  
becom es incapable  o f coagulating.
T h e  quan tity  o f carbon ic  acid  d im inishes alm ost by one-half. T h e  
quan tity  o f oxygen increases by alm ost 5 per cent. T h is  cond ition  lasts 
only for a  short tim e an d  after h a lf  an  hou r o r an  h o u r th e  anim al has 
com pletely  recovered.
T h e  sym ptom s exhib ited  by an  an im al poisoned by an  in jection  of peptone 
resem ble those of m ountain-sickness so greatly  th a t I  felt it necessary to 
study  th e  subject. T h e  cause o f th e  indisposition  is widely different. T h e  
in jection  of an a lbum inous body in to  th e  b lood  is so different from barom etric 
depression th a t one is inclined  to  th ink  there  canno t possibly be any  relation 
betw een th e  two. T h e re  is, however, one p o in t o f resem blance— acapnia. 
T h e  following is an  experim ent on th e  sub ject :—
A t 3 o’clock in the afternoon we inject into the jugular vein o f a dog, weighing 6,500 
gram s, breathing 18 to 20 tim es in the m inute, and with a pulse-rate of from 80 to 90 per 
m inute, 30 c.c. of a 10 per cent, solution of peptone. T he breathing im mediately slackens 
and  falls to II  per m inute, the pulse rising to 156. T h e  anim al is dejected. H e  still 
fondles us a t first, then retires to a  corner and appears disinclined to move ; when he lifts 
his legs to surm ount an obstacle he seems tired.
After 15 m inutes o ther 46 c.c. of peptone are injected into him . T he breathing falls to 
8 in the m inute and becomes very superficial. T here is no doubt but tha t the peptone acts 
on the breathing, rendering it less active ; the pulse is so rapid and weak that it can scarcely 
be counted.
In  order to find out w hether these two characteristic phenom ena are due to acapnia, 
I m ake the anim al breathe artificial air rich in carbonic acid.
I  had let 500 litres of air into a  large gas-m eter and added to these 50 litres of carbonic 
acid, the analysis o f the resultant composition showing that this air contained 1 6 7  per cent, 
carbonic acid. A  muzzle o f india-rubber m ade in the form of a  truncated cone is put into 
communication w ith the gas-m eter by means o f a tube, I then open a tap  which lets out 
a  strong current o f artificial a ir which the dog is m ade to breathe.
Pulse (in one m inute). B reathing (in one minute).
194 .. 12
182 ... 12
T he dog breathes air containing 167  per cent, carbonic acid.
1 M iescher, Die histochemischen und physiologischen Arbeiten. Leipzig, 1897, p. 272.
3 Lahousse, Die Gase des Peptonblutes. Archiv, f. A nal. u. Phys., 1889, p. 77.
Pulse (in one m inute). B reath ing  (in one minute).
128 ... 36
124 ... 44
112 ... 40
114 ... 40
T he dog breathes ordinar)- air.
160 ... 14
168 ... 14
168 ... 14
T he animal again breathes carbonic acid, 
n o  ... 36
106 ... 40
120 ... 40
1 16 ... 40
T he dog again breathes ordinar)- air.
162 ... 22
156 ... 14
170 ... 14
T h e  pulse  o f th e  pep ton ised  an im al accelerates as in  us du ring  apncea 
w hen we draw  a series o f deep  b rea th s an d  the b rea th ing  slackens as in 
apncea, because the reflex excitability  o f th e  spinal co rd  is d im in ished  in  these 
pathological conditions ow ing to  th e  lack  o f carbonic  acid.
H aving  thus confirm ed several tim es in succession th a t carbonic  acid  always 
slackens the  pulse, we m ust conclude  th a t th is gas is beneficial in acapnia .
T h is  is th e  first tim e th a t we see carbon ic  acid  used  as a  rem edy, 
rendered  necessary by a  deficiency o f this gas in  the blood.
A  p roo f o f th e  efficacy of carbonic ac id  seem s to  m e to  be given by 
the experiences o f th e  two scholastic  excursions w hich m et in R egina 
M argherita H u t .1 T h ere  w ere forty-five persons altogether, an d  these had 
barely one cubic m etre  o f a ir each ; nom inally  there  w ere r a g  cub ic  m etres 
p e r head , b u t we m ust deduc t the  volum e o f each person’s body, th a t o f the 
fu rn itu re  in th e  hu t, o f th e  provisions, an d  especially o f th e  fuel. T h e  hu t 
being p la ted  over w ith copper sheets, o f w hich the  jo in ts  are  herm etically  
closed so as to  preven t th e  en trance  o f th e  snow betw een th e  planks, the 
cubic  m easurem ent o f a ir for each person m ay be considered  as accurate. 
T h e re  was no o th er opening  for ven tila tion  excep t th e  w indows, w hich 
rem ained  off th e  latch, and  th e  two stove p ipes w hich k ep t up  th e  necessary 
draught. If, u nder such unfavourable cond itions (and  they could  scarcely 
have been worse), forty-five persons crow ded together w ithin a space w ith a 
capacity  o f scarcely 58 cub ic  m etres, d id  n o t suffer, this c ircum stance m ust, 
I th ink , be a ttr ib u ted  to  the am oun t o f carbonic  ac id  in  th e  air they 
b reathed .
I t  seem s strange, b u t we have seen th a t no o ther explanation  can be found 
for th e  exem ption o f these  persons from  m ountain-sickness in  an  air w hich 
was certain ly  very poor in  oxygen.
V I.
I t  is a  know n fact th a t carbonic  acid  is o f th e  u tm o st im portance  to  life, 
p roducing, as it does, th e  respiratory  m ovem ents, ac ting  on  th e  heart and
1 T he dimensions o f the Regina M argherita H u t are as follows : length 9.20 m etres, 
breadth 3 m etres, height 2.10 m etres. T he cubical contents divided am ongst forty-five 
persons give 129 cubic m etres for each.
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effecting th e  con trac tion  o f th e  blood-vessels. I t  is likewise know n tha t 
th e  accum ulation  o f carbon ic  acid  in  the b lood is a  stronger specific stim ulus 
to  the respiratory  cen tre  than  th e  lack o f oxygen. T h ese  studies o f m ine on 
acapnia  show th a t th e  d im inution  o f carbonic acid  in th e  b lood exercises a 
p ro found  influence on vital phenom ena. C arbonic ac id  com bines doubtless 
w ith various substances o f  th e  b lood, w hereas oxygen com bines solely w ith the 
substance  o f th e  red  corpuscles, bu t ou r ignorance respecting  the origin o f the 
form er gas an d  its conduc t in the  organism  is m uch  greater than  w ith regard 
to  oxygen an d  its properties. I t  is p robab le  th a t th e  barom etric  depression 
dissociates certa in  b icarbonates w hich are  found in  the blood, as it does 
b icarbona te  of potash.
T h ere  is a  very sim ple experim ent often perform ed in  th e  lecture-room  in 
o rder to  show th a t certa in  chem ical com binations are  so unstab le  tha t they  
d isun ite  w hen th e  barom etric  p ressu re  is d im in ished . A  concen tra ted  
solu tion  o f b i-carbonate o f potash  is p repared  in a cylinder, a t th e  bo ttom  of 
w hich a  few crystals are left, and  th en  p u t u n d er a pneum atic  bell. U n d er 
barom etric  depressions co rresponding  to  th e  heights o f M on t B lanc and  
M onte  R osa we no tice a  developm ent o f carbonic  acid, bubb les o f this gas 
detach ing  them selves in ab u ndance  from th e  crystals, th e  effervescence 
con tinu ing  so long as the  barom etric  depression is prolonged.
Lcewy 1 had  already observed th a t w hen carbonic  acid  is b rea thed  in the 
pneum atic  cham ber it is of as m uch  benefit as oxygen alone. O nly the 
m echanism  of the ir action  is different, accord ing  to  Lcewy, the carbonic acid, 
w hich causes a  greater in tensity  of respiration , effecting a  m ore active 
ventila tion  in  the lungs. W e have, however, a lready seen in th e  foregoing 
experim ent th a t it is o f no use to  draw  deep  brea ths an d  p rom ote  a  m ore 
active renew al o f the  a ir in  the lungs w hen th e  indisposition  due to  th e  rare­
faction o f the a ir m anifests itself. T h e  theory  of acapnia  gives us th e  key to 
Lcewy’s experim ent w ith carbonic acid.
I f  we exam ine m ore closely these apparen tly  paradoxical facts we see th a t 
carbonic  acid  is useful because it ac ts on the heart. In  th e  fo o tn o te 2 I
1 Op. cit., p. 21.
2 Giorgio Mondo. M arch I I ,  1S9S. Pressure, 741 mm. Tem perature, i8°.
T he subject enters the cham ber while air at the usual pressure is circulating within it.
Tim e
9.0 a.m .
9-5 ..
9.12 „
Pulse
60
60
60
T he rarefaction o f the air is begun. 
60 
64 
66 
69
72
73
W e let about 50 litres o f carbonic acid into the chamber, 
prevent too great a dim inution of the inner pressure.
9.57 a.m . ... 70
66
10.0 ,, ... 62
62
10.2 ,, ... 60
T he subject fills a bottle full o f air for subsequent analysis, 
cent, of carbonic acid.
9.15
9-23
9 4 5
9.50
9-52
9-54
T em perature
1 7 0
Pressure in m m .
6 0 1
571
461
391
391
3 9 0
I close the air-tap  so as to
411
411
411
I t  is found to contain 5 "3 per
com m unicate  the  results ob ta ined  w hen we gave carbon ic  acid  to  a  person  
w hen the distressing effects o f rarefied  a ir were beg inn ing  to be  felt.
W e see th a t as soon as carbonic  ac id  was let in to  th e  pneum atic  cham ber 
th e  ra te  o f th e  pulse im m ediately  d im in ished . In  spite o f the barom etric 
p ressure o f 400 mm ., th e  pulse falls from  73 to  60 beats per m inute.
O n com ing ou t o f th e  cham ber th e  sub ject tells us th a t a t a  pressure 
o f 390 mm. he b rea thed  w ith difficulty an d  had  a  headache, and  th a t he felt 
b e tte r  as soon as he  inhaled  carbon ic  acid.
I  repeated  th is experim ent on myself, and  found  th a t th e  pulse re tu rn ed  to 
the  norm al ra te  as soon as I  inhaled  carbon ic  acid, an d  th a t the b reath ing  
then  becam e deeper.
T h e  pulse was 71 a t th e  p ressure of 422 m m . (w hich ab o u t co rresponds 
to  the heigh t o f M onte R osa). As soon as I  began to b rea the  air very rich 
in  carbon ic  acid  th e  pu lse fell to  63 an d  62 (the  norm al ra te  being 61), 
a lthough  the pressure rem ained  th e  sam e. T h e  am o u n t o f carbonic acid  
was 4 7  per cent.
I n  o th er persons, as for in stance  in D r. T reves, the  influence on the pulse 
was less evident, bu t the im provem ent o f the cond ition  was confirm ed by all. 
O n M arch 10th D r. T reves en d u red  a depression of 340 mm . ( =  6,405 
m etres). W hen  he inhaled  carbon ic  acid  he  afterw ards to ld  us th e  feeling of 
d izziness d isappeared , a lthough  th e  pressu re  d id  no t a lter, decreasing  even to 
330 mm .
W e m ust now see w hether carbonic acid  alone  is capab le  o f p roducing  a 
slackening o f th e  cardiac pulsations. T o  th is en d  I perfo rm ed  a series o f 
experim ents in th e  pneum atic  cham ber.
T he same person, Giorgio M ondo, who had been the subject of the preceding experim ent, 
entered the pneum atic cham ber the next day, and counted his pulse while in a sitting position, 
the pump meanwhile producing a sufficient current of air. Pressure, 734 mm. Tem perature, 
18° .
Pulse in one m inute : 53, 53, 53, 53, 54, 54, 54, 54, 55, 55, 54, 54, 54.
B reathing ,, : 13, 13, 12, 12, 13.
I let into the pneum atic cham ber 50 litres o f carbonic acid.
Pulse : 53- 52, 53, 54, 55, 55-
Breathing : 18, 15, 15, 16, 17.
On analysis the air was found to contain 4-7 per cent, carbonic acid.
W e see th a t the effect was very sm all, alm ost inappreciable , for the pulse 
d id  no t a lte r w hen th e  sub jec t b rea th ed  in 4 7  per cent, carbonic  acid. 
M ore m anifest was the influence on th e  breath ing , w hich rose from the  rate  
o f 13 to  18.
T h e  q u an tity  o f carbon ic  ac id  adm in istered  was, in  this case, too  great to 
adm it o f a com parison  w ith the  experim ent preceding. W e m ust rem em ber 
th a t in rarefied  a ir the  w eight o f carbonic  acid  d im in ishes in p roportion  to  
th e  pressure. In  th e  p reced ing  experim ent, for instance, we find on w orking 
ou t the necessary  form ulai for the  transform ation  o f volum e in to  weight, th a t 
a t th e  pressure o f 411 m m . M ondo  b rea thed  only ab o u t th e  half o f carbon ic  
acid. In  o rder to  establish  a  com parison I shou ld  therefo re  have to  give him  
only 2"8 per cent, carbon ic  ac id  a t th e  usual pressure, so th a t in a  u n it of 
tim e he  w ould b rea the  in  th e  sam e quantity .
I  then  m ade an  experim ent on M ondo, in  w hich I  gave h im  2 ’5 per 
cen t., an d  found  th a t th e  rate  o f the  pulse d id  n o t change, only the b reath ing  
rose to  15 from  13.
I t  is therefore proved that, w hen one brea thes in  carbon ic  acid  a t the 
usual p ressure in  th e  p roportion  o f 2 to  3 per cent., it has no effect on the 
ra te  o f the cardiac pulsations, w hereas in  rarefied air it slackens th e  m ovem ents 
o f th e  heart.
T h e  cause o f th is difference is tha t, a t th e  usual pressure, th e  augm en ta­
tion  o f the tension  o f carbonic acid  beyond a  certa in  narrow  lim it is o f no 
use, whereas, w hen we are  in  rarefied air, as th ere  is a  deficiency of carbonic 
acid  in th e  b lood  (the  cause o f  th e  increased rapidity  o f the heart-beats) the 
add ition  o f a  sm all q u an tity  o f th is gas to th e  a ir inhaled , slackens th e  pulse, 
re-establishing, as it does, th e  norm al cond itions o f carbon ic  acid  in the 
blood.
V II .
T h e  reader understands, doubtless, how difficult it is to determ ine 
the  m om ent a t w hich a m an w ho is ascending  in to  h igher atm ospheric  
regions ceases to be in a  norm al physiological cond ition  an d  becom es ill. In  
the  study o f m ountain-sickness, as in th a t o f all o th er m aladies, physiology 
an d  pathology can scarcely be separated , because, from th e  province of the 
one, we pass insensibly in to  th a t of the other.
T h e  experim ents show ing th e  restorative effect o f carbonic  ac id  confirm , 
as it seem s to me, the theory  o f acapnia. I  now com m unicate  a few o ther 
facts w hich likewise lend  support to  th a t hypothesis. T hese  new  obser­
vations will m ake th e  phenom ena  w hich m anifest them selves in the  blood 
as we clim b higher on th e  m ountains, c learer to  us.
C arbonic  acid  separates itself w ith difficulty from  the b lood, and  w hen it 
passes th rough  th e  lungs there  is n o t tim e for it to  free itself a ltogether from 
th a t fluid.
I f  we take  a  bo ttle  o f effervescing w ater an d  pou r it in to  a wide dish, in 
w hich it forms only a  th in  layer, an d  then  back  again in to  th e  bo ttle  in w hich 
we shake it, then  in to  th e  d ish  again, an d  so on several tim es in  succession, 
we shall still find, on p u tting  it in a glass u n d er th e  pneum atic  bell, th a t 
carbonic  acid  is given off in m uch g reater ab u n d an ce  than  from th e  sam e 
am oun t o f o rdinary  water.
H ow ever vigorous th e  ven tila tion  of the  lungs, there  always rem ains 
ab o u t one-fourth of th e  norm al am oun t o f carbonic  ac id  in th e  blood, as has 
been show n by the  analysis o f arteria l b lood  perform ed during  apnœ a by 
Ewald.
I  shall here  say a few w ords on a series o f analyses w hich I m ade of 
expired  air co llected  a t different barom etric  pressures. T h e  m ethod  adop ted  
was the usual one o f H em pel. O f th e  num erous experim ents m ade in 
various ways on different persons, I  select one w hich I give in  detail, as the 
scope o f th is work, w hich is ra ther o f a  syn thetic  character, com pels m e to  be 
brief. I  assure the reader, however, th a t all these experim en ts show ed that 
the rarefaction of the  a ir draw s a  considerab le  quan tity  o f carbonic acid, 
w hich is held  in solu tion  by the b lood, o u t o f th a t fluid.
A  first series o f analyses was m ade of the a ir w hich issues from the lungs 
a t different degrees of rarefaction in  th e  pneum atic  cham ber.
A  m edical studen t, Sig. Poliedro , b rea thed  in to  a  bo ttle  full o f sa turated  
salt so lu tion  un til it con ta ined  ab o u t 800 cubic  cen tim etres o f air. T h is  
bo ttle  wtis closed a t the top  by an  ebony tap, and  was furnished, a t the 
bottom , w ith a large tube  of india-rubber, by m eans of w hich the w ater 
m ight issue w hen th e  sub ject blew in to  it.
I first ascerta ined  w hat erro r m ight be incurred  by w ithdraw ing in  this 
way p art o f the air con ta ined  in  th e  lungs a t th e  end  of an  ord inary  insp ira­
tion. F ive experim ents perform ed, one after the  o ther, a t in tervals o f ab o u t 
five m inutes, show ed th a t expired  air con ta ins the  following p roportions of 
carbon ic  acid  per cent. :—
3 'i  per cen t. —  3 -o per cent. —  3^5 per cen t. —  3 '3  per cent. —  3 ’5 per cent.
T h e  difference o f o -5 per cent, seem ed  to  m e too  insignificant to  disqualify 
the experim ent, w hich was carried  ou t as follows :—
Oreste Poliedro, student, 24 years of age, enters the pneum atic cham ber, in which, on a 
table, are five glass bottles like the one just described, all full of salt solution, closed a t the 
top with a  tap  and furnished a t the bottom  with a tube likewise full of salt solution which 
hung down into a  pail full of w ater. After resting for a tim e, and while the pum p was 
effecting an active ventilation within the pneum atic cham ber to prevent an accum ulation of 
carbonic acid, the subject fills one bottle w ith air expired a t the usual pressure, then a second 
at a pressure of 580 m m ., a third a t 420 m m ., a  fourth a t a pressure o f 580 mm. again, and 
the fifth and last a t the usual pressure.
In  the following table the results o f this analysis of the air arc given. T he experim ents 
were m ade in the month of January  011 four different days. From  20 to 30 m inutes were 
allowed to elapse between the filling of one bottle and the next w ith expired air, so as to 
ensure an establishm ent of the equilibrium  of the pressure, and of its action as a t the corre­
sponding altitudes of 2,150 and 4,600 metres.
Q u a n t i t y  o k  C a r b o n ic  A c i d  f o u n d  i n  E x p i r e d  A i r  c o l l e c t e d  s u c c e s s i v e l y  a t
D I F F E R E N T  B A R O M E T R IC  P R E S S U R E S .
Serial num ber 
of experim ent.
Pressure 
740 mm.
Pressure 
580 mm.
Pressure 
420 111111.
Pressure 
580 m m .
Pressure 
740 mm.
I. 6*1 7-8 5 ' 9 4 7 5 ' 5
I I . 5 7 7-2 5 ' 4 47 4-2
I II . 4 1 6*2 4 '3 S '° 3-8
IV. 3'5 5 *i 4 6 4-3 3 "i
I t  is evident, therefore, th a t th e  am o u n t o f carbon ic  acid  elim inated  w ith 
th e  expired air does no t so m uch dep en d  on th e  ex ten t o f th e  barom etric  
depression as on the po in t o f tim e : th a t is, th a t a  sm all d im inu tion  of p ressure 
extracts a t fir s t  a  g reater am o u n t o f carbon ic  acid  from  the body than  a 
d im inu tion  tw ice as great to  w hich the individual is subsequently  subjected .
E xperim ents sim ilar to  these  w ere m ade by A. Loewy.1 T h e  results o f 
the analyses o f air co llected  by th is investigator in th e  pneum atic  cham ber 
show ed “ th a t du ring  repose there  is an  increase in  the elim ination  o f 
carbonic acid  in p roportion  as th e  p ressure d im in ishes.” T h e  above experi­
m ent, w hich was repeated  on the sam e subject, shows th^ t the phenom enon  
is m ore com plex than  has h itherto  been  thought. T h e  grea test am oun t o f 
carbonic acid  was elim inated  in the  first half-hour ; afterw ards less carbonic 
acid  is ex tracted  from  the  blood, even though  th e  depression  is doubled , 
passing from  580 mm . to  420 mm .
H ere  we have a  factor w hich has till now been  neglec ted  : the  p o in t of 
tim e. I have m ade the  experim ent o f keep ing  sub jects for two hours in  the
1 Op. cit., p. 26.
pneum atic  cham ber a t a  p ressure co rresponding  to th a t in  R eg ina  M argherita  
H u t, and  have found  th a t th e  difference a t the end  of this tim e was very sm all 
in  com parison to  the  norm al, w hereas, in th e  first half-hour, a t a  p ressure of 
580 m m ., results like those ind ica ted  in the  preced ing  tab le  w ere ob tained .
W hen th e  norm al p ressure is re-established, less carbonic acid  is 
e lim inated  than  a t first, as this gas begins th en  to accum ulate  again in the 
blood.
B arom etric  depression  acts in a m echanical an d  physical m anner, draw ing 
the  carbonic acid  o u t o f the  blood, w ithout th e  in tensity  o f th e  chem ical 
processes o f the  organism  being m odified by sm all differences o f pressure (580 
mm . an d  420 mm .).
In  studying the respiratory  quotien t, we m ust therefore take the  barom etric  
p ressu re  in to  consideration .
V II I .
I t  had  long been  know n th a t on th e  A lps w ine less easily causes inebri­
ation  ; bu t no one had  sought to  explain this fact. P relim inary  stud ies on 
acapnia  suggested to  me the idea o f finding out, by m eans of experim ent, 
w hether alcohol, w hich has en tered  in to  the  blood, issues from  the lungs 
m ore easily in  rarefied air.
T h e  effects o f a lcohol are, unfortunately , only too  well know n, bu t as yet 
we know  little  ab o u t th e  transform ation  w hich it undergoes in the organism . 
T h e  old  opin ion p ronounced  by L iebig, th a t a lcohol bu rns an d  produces 
carbonic acid  an d  water, thus saving th e  com bustion  o f o th er substances of 
ou r body , has been abandoned . I t  is a  know n fact, how ever, th a t part o f the 
alcohol d runk  (from  5 to  10 per cent.), issues unaltered  from the lungs with 
the  expired  air after it has passed in to  th e  blood. O ne part issues unaltered  
w ith th e  secretion  o f th e  k idneys an d  passes in to  the u rine  ; the  rest is b u rn t 
in  th e  organism .
I  requested  my assistant, D r. B enedicen ti, to  investigate this subject. 
H is  researches, begun  in  m y laboratory  and  con tinued  in  th a t o f Prof. 
R o sen tha l a t th e  U niversity  o f E rlangen , confirm ed my previous views. In  
rarefied air a lcohol issues m ore easily from  the b lood an d  th e  phenom ena of 
inebriation  are  less lasting  an d  also less in tense, a lthough  th e  quantity  of 
a lcohol taken  rem ains th e  sam e.
D r. B ened icen ti drank, for instance, 50 cub ic  cen tim etres o f absolute 
alcohol d ilu ted  w ith 200 cubic  cen tim etres o f water, an d  analysed the air he 
b rea thed  ou t after ha lf an  ho u r a t th e  usual pressure, an d  a t a  p ressure corre­
spond ing  to  an  a ltitude  of 2,000 m etres. H e  found  th a t even th is slight 
degree of rarefaction  o f the  a ir had  occasioned a m ore copious elim ination of 
alcohol in th e  expired air.1
T h e  experim ents m ade on an im als are  m ore exact. W e found, for 
instance, th a t w hereas, during  one  h o u r a t the  usual p ressure o -o i  18 grs. o f 
a lcohol were elim inated , o ’o ig ó  grs. were e lim inated  during  th e  sam e length 
o f tim e a t a  p ressure of 570 m m . ( =  2,300 m etres altitude). S u bbo tin ’s 
m ethod , w hich was followed in these investigations, enables the investigator 
to  recognise even the sm allest trace o f a lcohol in  the  a ir expired. T h e  dif­
ference o f 4 '6  m illigram s in  one hour is n o t so sm all a  m atte r as it seem s, as
■ T he m ethod adopted was that of S trassm ann. F or further particulars I m ust refer the 
reader to the original article by D r. Benedicenti, Ueber die Aleoholausscheidung durch die 
Lungen. A rch. f. A nat. u. Physiol., 1896.
th e  an im al d id  no t weigh one kilogram  (0^970 kgs.) an d  th e  tim e was com ­
paratively short.
O ther substances found in  the b lood  in th e  form  o f gas o r loosely com ­
b ined  w ith the corpuscles o f th e  b lood, o r dissolved in  th e  serum , m ay like­
wise be draw n from th e  b lood  by m eans o f barom etric  depression. Dr. 
B enedicen ti found th a t the action  of chloroform  is also less in tense  w hen th e  
anim als dosed  w ith it a re  p laced u n d er the pneum atic  bell. T h e  phenom ena 
o f poisoning d isappear m ore rapid ly  in  rarefied air, an d  analysis o f th e  air 
expired shows th a t a g reater quan tity  o f chloroform  is e lim inated  w hen the 
barom etric p ressure dim inishes.
P o h l1 had  already show n th a t th e  vapours o f chloroform  w hich p roduce  
poisoning and  anæ sthesia, rem ain  dissolved in th e  blood, bu t th a t by m eans 
o f a  cu rren t o f a ir kep t up th rough  th e  b lood  for a  considerab le  length 
o f tim e, all th e  chloroform  w hich was adm in istered  m ay be recovered. C ar­
bonic acid  forms, probably, like chloroform  an d  alcohol, a  very unstab le  com ­
b ination  w ith the  blood, or else it is he ld  in  th e  b lood  sim ply by physical 
a n d  m echanical influences ; in th e  one case as in  the o th er a  barom etric  
depression  suffices to  set free carbonic  acid, alcohol, an d  chloroform .
IX .
R arefied  a ir causes an  a lteration  of th e  lungs sim ilar to  th a t observable 
after the vagus nerves have been severed a t the neck. I  consider this change 
as an im portan t factor in  m ountain-sickness. W e have, therefore, two new 
ideas w hich concu r to  explain th e  sym ptom s : a  cen tra l phenom enon, 
(im piliti ; an d  a peripheric  phenom enon, th e  para lysis o f  the vagus nerve.
O n page 220 I have already enum era ted  the  phenom ena  observed on 
M onte R osa  w hich are  due  to  th e  paralysis o f th e  vagus nerve ; here  I  shall 
give the proofs w hich show  th a t paralysis o f this nerve in  rarefied air is 
an  indub itab le  fact. W henever dogs or rabb its  are  sub jec ted  in  th e  pneu ­
m atic cham ber to  a rarefaction  o f th e  a ir correspond ing  to  290 or 260 m m ., 
the ir lungs becom e hyperæ m ic a n d  congested . T h is  change always takes 
p lace even w hen th e  ac tion  o f th e  rarefied a ir is only k ep t up  for h a lf an  h o u r 
or an  hour. N ow  th a t we have found  a  m aterial change in  the  lungs of 
anim als sub jected  to a  barom etric  depression co rresponding  to  an  a ltitude  of 
7,500 or o f 8,400 m etres, we m ay in te rp re t those serious d is tu rbances w hich 
appear in m an a t great heights w ith th e  certain ty  th a t ou r exp lanation  rests 
on a sure basis.
T h e  best way to  perform  th e  experim ent is as follows : F o u r young dogs 
o f  one litter, and  w hich are  th ree or four m on ths old, a re  selected . O f these 
two a re  p u t u nder th e  p n eu m a tic  bell, th e  a ir th en  being rarefied till the 
pressure w ithin am oun ts to  29 or 30 cen tim etres. T h is  p ressure is m ain­
tained, while a t th e  sam e tim e an ab u n d an t cu rren t o f a ir is k ep t up  w ithin 
th e  bell. In  ano ther o f these dogs bo th  vagus nerves m ust be  severed, the 
fourth  anim al being left for the p resen t un in ju red  in o rder th a t th e  heart and  
lungs in the o ther dogs m ay afterw ards be com pared  w ith corresponding  
organs in  a  norm al state. A fter th e  lapse o f h a lf an  h o u r o r an  hour, the 
exam ination  of lungs an d  heart in the dogs w hich have been  k ep t in  rare­
fied a ir shows th a t in  aspect these organs precisely resem ble those of th e  dog
1 Pohl, Ueber Aufnahme und Vertheilung des Chloroforms im tkierischen Organismus. 
A rch. f. exp. Path. u. Pharm . xxviii., 1891.
in  w hich th e  vagus nerves have been  severed, an d  in w hich consequently  
th e re  was com plete  paralysis o f these  nerves.
T h e  lungs o f anim als sub jected  to  the action  o f rarefied air a re  slightly 
cedem atous. T h e ir  co lour is no t so pale as usual, it has a  redd ish  grey tin t 
w ith dark , b lu ish  spots. In  those parts w here the  colour has rem ained  
norm al there  are  spots o f lighter hue  irregularly d is tribu ted . A t the surface, 
a n d  especially a t th e  edge o f th e  pulm onary  lobes, there  are  c ircum scribed 
hæ m orrhages, ecchym oses, an d  extravasations o f b lood o f a  dark  violet 
colour.
A s the  lungs are h ard er an d  firmer, they  shrink  less w hen th e  thorax  is 
opened  than  in an  an im al in  norm al physiological conditions. W hen an 
incision  is m ade in  one o f th e  darker parts o f th e  lung a  som ew hat frothy 
liqu id  exudes.
In  full-grown dogs it som etim es happens th a t we find no hyperæ m ia and  
congestion  o f the lungs after they have been  sub jected  for ha lf an  hou r to 
a  d im inu tion  o f barom etric  p ressure as great as th a t w hich exists on the 
h ighest sum m its o f the H im alayas. T h is  d id  no t surprise me, as it is a 
know n fact th a t th e  phenom ena observable also after th e  severing of the 
vagus nerves vary very m uch even in  anim als o f the sam e species.
T h e  congestion o f th e  lungs an d  dila ta tion  o f th e  heart sufficiently 
explain the constan t an d  rem arkable  d im inu tion  found in  the vital capacity  of 
a ll those persons who accom panied  m e on th e  M onte R osa expedition  (see 
T ab le  X. a t th e  end  o f the  book).
T h e  disease o f th e  lungs in th e  case o f th e  so ld ier R am ella, th e  report 
o f w hich is given in  th e  F irst A ppendix , m ay probably  be a ttrib u ted  to  the 
sam e causes. T h e  paralysis o f th e  vagus perhaps explains the rapid  and  
fatal progress o f th e  m alady to  w hich D r. Jac o tte t succum bed on M ont 
B lanc, an d  the  oedema o f th e  lungs found  in th e  autopsy. T h e  dea th  of 
th e  bro thers Zoja on th e  G ridone was probably  also due  in  p art to the 
paralysis o f the  vagus.
Ju s t as th e  severing o f th e  vagus nerves p roduces varying phenom ena in 
different anim als, so th e  effect o f rarefied a ir is no t in all o f us equally 
in tense. T h e  m ore rap id  d isappearance in  som e persons o f the less serious 
effects o f paralysis o f th e  vagus is doubtless due  to  th e  fact th a t the  d is­
tu rbances o f cardiac innervation, o f the  nervous system  and  o f the lungs m ay 
subside after a  short so journ  on th e  A lps.
T h is  discovery o f im portan t a lterations in  th e  lungs will perhaps frighten 
som e, b u t th e  m oun ta in  clim ber m ust have confidence in  h is own powers of 
resistance, w hich he  m ay test by prelim inary  experim ents and  increase by 
training. I  myself, while studying th e  effects o f paralysis o f the vagus 
consequen t on rarefaction of th e  air, d id  no t hesita te  to sub ject m yself to  the 
g reatest depressions w hich m an has as yet resisted.
I  refrain from  en tering  on th e  researches w hich I have m ade relating  to  
rem edies against m ountain-sickness an d  fatigue, in  w hich special a tten tion  
was given to  th e  p roperties o f cocaine. T h e  results o f these investigations 
will be  pub lished  later. In  a w ork o f a  m ore analytical ch aracter shortly  to  
be  issued I  shall pub lish  an experim ental critique on the  recen t investi­
gations o f E . A ron and  G. von Liebig, as well as th e  results o f a  series of 
experim ents show ing th e  effect o f rarefied a ir on th e  circulation  o f the 
b lood  in th e  lungs. I t  was m y purpose to  explain sim ply a n d  clearly certain  
series o f facts in  hum an physiology in the  hope  of thus rendering  a  service to 
m ountain-clim bers desirous o f know ing th e  scientific reason for the  hygienic
rules to  be  followed in m ountaineering . I f  th is book  shou ld  b e  found  to 
m eet the needs o f those who, in tend ing  likewise to  m ake observations on th e  
phenom ena  w hich hum an  life p resen ts on th e  A lps, w ish to  becom e ac­
q u a in ted  with th e  prevailing views on  A lp ine physiology I  shall be  fully satisfied.
I am  convinced  th a t th is w ork will prove o f use to  a  g rea ter num ber 
o f readers th e  less th e  bu lk  of th e  volum e an d  th e  less abstruse  th e  m atter. I  
therefore  now draw  it to  a  conclusion. I  have m ade so m any digressions 
th a t I alm ost feel it my du ty  to  ask  the  reader to  pardon  m e. T h e  in terrup tion  
o f  the  accoun t o f ou r expedition  was, how ever, unavoidable, in  o rder to 
e lucidate  th e  ph en o m en a  observed. T h e  discovery o f new  facts is o f little  
u se  unless we succeed  in  explaining them  ; th e  search  for causes, w hich is th e  
nob les t task  set by science, is full o f fascination for the stu d en t o f nature.
Inscription burnt into a  tablet o f wood by H .M . the  Queen of Italy , in Regina M argherita
H u t .
“ A l l  th a t is g ra n d  inspires F a ith , w hich  is g ra n d  in  itself. These m oun ta ins  
in  the ir grandeur, these m ajestic glaciers silence p itiab le  doubt, a n d  F a ith  
rises, strong a n d  vigorous, to G od !
“ A ugust 18 -1 9 ,'1 8 9 3 . “ M argherita .”
T he new Regina M argherita Observatory to be constructed in 1898 on the sum m it o f Monte 
Rosa (alt., 4,560 metres). (Draw ing by Sig. Girola, engineer.)
C H A P T E R  X X II I
THE NEW OBSERVATORY AND ALPINE STATION ON MONTE ROSA
“  O f the four great nations whose boundaries m arch with Switzerland, perhaps 
none has more thoroughly explored its own frontiers and m ountains than I ta ly .” 1
N  G nifetti Peak, a t an  a ltitude  o f 4 ,560 m etres, a  new  observatory is to
be  constructed  th is year (1898) in o rder to  facilitate th e  study  of the
Alps, th e  heavens, th e  physical phenom ena  o f th e  earth , an d  life 
above th e  snow-line.
T h e  idea o f th is undertak ing  orig inated  w ith H .M . Q ueen  M argaret 
of Ita ly . P erhaps th e  difficulties w hich we encoun te red  on our expedition  
u p  M onte  R o sa  had  som e p art in suggesting th e  pro ject to  her M ajesty, who 
follow ed w ith in terest th e  investigations carried  on by Professor P iero  
G iacosa as well as those  laid  before th e  reader in  this book. T h e  proposal 
to  construct an  edifice on G nifetti Peak, for th e  sole purpose o f facilitating 
scientific research, was m ade spontaneously  by H .M . Q ueen  M argaret— it was 
1 C. D . Cunningham  and Captain A bney, The Pioneers o f the Alps, p. 128.
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no t th e  outcom e o f any  
previous suggestion from 
o thers. T h is  declaration  
I  feel it m y du ty  to  m ake 
in  hom age to  th e  tru th . 
S enator Perazzi com m uni­
ca ted  th is decision  o f her 
M ajesty to  m e in  1895, 
a t th e  sam e tim e con ­
signing 4,000 lire to  me, 
w ith th e  request th a t I 
should  form a com m ittee  
in o rder to  carry ou t the 
p lan  for the  bu ild ing o f 
th e  new M onte  R osa 
O bservatory.
T h e  M inister o f A gri­
cu ltu re  an d  C om m erce, 
acced ing  to  the proposal 
m ade by Professor T ac ­
chini, d irec to r o f the m e­
teorological departm en t 
an d  o f th e  observatory  o f 
th e  Collegio rom ano, con­
tribu ted  10,000 lire in a 
series o f instalm ents, fur­
th er assigning a  yearly 
endow m ent for the  ex­
penses o f service an d  the 
keeping-up o f the  obser­
vatory. H .R .H . Louis, 
D uke o f th e  A bruzzi,' 
co n trib u ted  5,000 lire, and  
th e  Ita lian  A lpine C lub
4,000 lire.
In  a  short tim e the sum  
necessary for th e  con­
struction  o f th e  observa­
tory by enlarging the 
R eg ina  M argherita  H u t 
was th u s collected. T h e  
C o m m iss io n 2 w hich was
1 H .R .H . Louis o f Savoy, 
D uke o f the Abruzzi and 
nephew of K ing H um bert of 
Italy , m ade the ascent of 
M ount S t. E lias in A laska in 
1S97.
3 Those belonging to the 
Commission are : Professor
Tacchini above - m entioned, 
Senator Blaserna, Professor of 
Physics a t the University o f 
Rom e, D r. Alfonso Sella, 
assistant in the Physical Insti-
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ap p o in ted  cam e to  the decision th a t th e  M onte R osa  O bservatory  should  
be annexed  to  the U niversity  o f T u rin  and  th e  d irecto rsh ip  assigned to 
Professor A ndrea  N accari. D uring  th e  sum m ers o f 1896 an d  1897 the 
w eather was so bad  on th e  A lps th a t th e  foundations o f th e  bu ild ing  could  
no t be laid, b u t from  th e  a ttem p ts m ade in  1896 w hen the  ice was cleared 
away, it appeared  th a t it w ould no t be possib le to construct th e  observatory 
ap a rt from  th e  h u t on accoun t o f th e  absence  o f rock. I n  1897, a lthough  
th e  w eather was little  favourable, the rock was levelled an d  p reparations m ade 
for the  laying o f the foundations, so th a t tow ards th e  m iddle  o f July, 1898, 
we m ay hope th a t this p art o f the w ork will be com pleted  an d  the  new 
construction  begun.
Fig. 63 shows th e  p lan  of th e  new O bservatory. T h e  m iddle p art left 
w hite is the  o ld  R egina M argherita  H u t, com posed  o f th ree  room s, c , d , e , 
as a lready show n in th e  p lan  on  page 129. T h e  dark  p art a t the two sides 
represen ts the new  room s an d  th e  observatory  now in course of construction  
a t A lagna, u n d er th e  d irection  of the engineers Signori G irola an d  G audenzio 
Sella an d  o f th e  advocate Signor G rober, p residen t o f th e  A lpine C lub, and  
w hich will be  p u t together this year on G nifetti Peak.
T h e  R egina M argherita H u t will be leng thened  tow ards th e  north  by 
th e  tw o-storied wing f , w hich will ju t ou t beyond  th e  b read th  o f th e  p resen t 
h u t an d  be encircled  by a  balcony H, h .
T h e  two room s, situa ted  one above the other, have a side o f 4 m etres an d  a 
heigh t p roportioned  to th e  in strum ents w hich will be p laced w ithin them . T h e  
p art facing the sou th  w here the  door of the  h u t is a t p resen t will be lengthened  
an d  two new  room s, a  a n d  b , constructed  in  it. T h a t portion  of th e  bu ild ing 
destined  for th e  observatory  will con ta in  four room s : d , e , a n d  two above 
these in  the upper storey ; for the use of m ountain-clim bers th ree  room s will 
rem ain, a , b , c . T h e  new  en try  will be in  th e  m iddle  o f the  bu ild ing facing 
tow ards th e  south. T w o little  pillars, ind ica ted  in  th e  last room  to the  right 
o f th e  plan, m ade of stone an d  fixed in to  the  rock, are  to  serve as supports 
for in strum ents m easuring gravity, galvanom eters, an d  o ther instrum en ts of 
precision. A n inside flight o f stairs pu ts th is p art o f th e  observatory in 
com m unication  w ith the  upper floor. H en ce  by m eans o f an  ou tside flight 
th e  upper terrace is reached. T h is  terrace is m ade in  such a  m anner th a t it 
m ay w hen necessary be covered over, so as to  p ro tec t in strum en ts from the 
rays o f th e  sun. T h e  o ld  hut, com pletely  p la ted  over w ith copper, is, as it 
were, enclosed  w ithin a  lightn ing-conductor, for, by m eans o f points, an d  
wires w hich are led  dow n th e  rock in to  the ice, electrical d ischarges are 
p rov ided  against. A s this m eans o f p ro tec ting  th e  h u t against lightning has 
proved to be effectual, the  new p art o f the  observatory will also be coppered 
over.
A t th e  sou th  side o f the observatory  a  level will be m ade on a  projecting 
rock, a  few square m etres in  area, for investigations in th e  open air. In  the 
draw ing th e  irregular line w hich bulges ou t before the doo r indicates th e  form 
o f th e  uncovered rock on  w hich th e  R egina M argherita  O bservatory  is to stan d ; 
th is line runs on to  th e  right an d  then  along th e  back  p art o f the building.
tute o f Rome, Professor A ndrea Naccari, Professor of Physics at the University of T urin, 
Professor Piero Giacosa, Professor o f Pharm acology a t the University o f Turin , Professor 
Francesco Porro, D irector of the Astronom ical Observatory o f T urin , Signor Grober, 
President o f the Italian Alpine Club, Signor Gaudenzio Sella, engineer, Signor Cav. 
Giacomo Rey, who was appointed treasurer, and Angelo Mosso, who was elected president 
o f the Committee.
I I .
M any m ountain-clim bers have seen th e  V allo t O bservatory  on M ont 
B lanc  an d  the  m ore recently  erec ted  observatory  o f Janssen , o f w hich there 
is a  descrip tion  in th e  m em oirs o f th e  A cadém ie  des Sciences o f Paris. 
W hym per, in his book, “ A  G uide to  C ham onix  and  th e  R ange of M on t B lanc,” 
gives figures o f bo th  th e  inside an d  ou tside o f th e  Janssen  O bservatory, and  
rem arks th a t the bu ild ing will gradually  sink in to  th e  snow. T h is  is perfectly 
correct, because every year an  am oun t o f snow falls on M ont B lanc an d  the 
layers below sink dow nw ards. O n A ugust 26, i8 8 r ,  th e  V ice-President o f the 
Ita lian  A lp ine C lub, Signor G onella, crossed M on t B lanc, starting  from  th e  
A iguille G rise H u t  on the  Ita lian  side. W hen  he  arrived  a t th e  sum m it of 
M on t B lanc, w hich has the form  of an  arc, he  found  th a t it was d iv ided  in  a 
perpend icu lar d irection  by a  large crevasse. H e  was obliged to  sk irt this 
crevasse, clim bing dow n a certain  d is tance  on  the Ita lian  slope in o rder to  
reach  th e  o ther side. W hen he  h ad  reached  the  top  again, a  gust o f w ind 
carried  away his hat, w hich was lost in th e  crevasse, the ow ner being  obliged 
to  descend  to  C ham onix  w ith a w oollen cap. T h e  guide, A lphonse Payot, 
declares th a t m ore than  ten  years ago he  m et w ith a  crevasse w hich was ab o u t 
t o o  m etres in d ep th  on th e  sum m it o f M on t B lanc. T h e  engineer Im feld  is 
o f opinion th a t the p resen t cap  o f ice w hich covers the  top  o f M on t B lanc is 
no t far d is tan t from th e  sub jacen t rock.
W hen a  tunne l was m ade in th e  M ont B lanc ca lo tte  in o rder to find ou t 
w here the rock lay, a  plum -stone was found  in  th e  snow  a t a  d ep th  o f 12 
m etres. Jan ssen ’s observatory  will be  buried  in  th e  sam e way little  by little  
by the snow. T h e  ca lo tte  o f M ont B lanc rem ains a t th e  sam e a ltitude  only 
because every year new layers o f snow are a d d ed  to  it, th e  upper layers 
tak ing  th e  place o f those th a t glide dow n th e  rock tow ards th e  base. E very­
th ing  tends to confirm  th e  fear th a t the  Janssen  O bservatory will be swallowed 
up  by th e  snow before th e  funds devo ted  to  its erection  have been  repaid  by 
th e  hoped  for scientific results.
R ich a rd ’s m eteorograph  has rem ained  till now inactive, because the 
cold an d  th e  inclination  of th e  observatory, w hich is slowly sink ing  at 
one side, cause th e  stoppage o f all in strum en ts o f registration  shortly  after 
they a re  pu t in  m ovem ent. T h e  k ind  o f registering  appara tu s  chosen by 
Jan ssen  is not, as I  th ink, ad ap ted  to  the  purpose. In s tead  o f one single 
m oto r it w ould perhaps have been  b e tte r  for each w riting-apparatus to  have 
its own special m otor.
T h e  R eg ina  M argherita  O bservatory  on M onte  R o sa  will have th e  great 
advantage o f a  solid  foundation  on th e  rock w hich will ensure accuracy in 
the m eteorological registering in s trum en ts an d  in  those for o th er geophysical 
investigations. T h e  im portance o f an  observatory  a t an  a ltitude  o f 4,560 
m etres need  scarcely be m en tioned  ; th e  first resu lts p roceed ing  from  the 
E tn a  O bservatory, a t a  he igh t o f 3,000 m etres, give a  guaran tee  th a t those 
w hich will be  ob ta ined  on  M onte R osa  will furnish  a  valuable add ition  to  the 
com parative study  o f da ta  o b ta ined  a t various altitudes in  different latitudes. 
T h e  new  observatory  will offer a  w ide field for th e  study  o f geophysics, 
m agnetism , telluric curren ts, a tm ospheric  electricity, an d  seism ic m ovem ents. 
Physical astronom y will form  an  im portan t p art o f th e  w ork o f th e  observa­
tory, a n d  for m icroscopic researches in  chem istry  an d  physiology all possible 
conveniences of a rrangem ent will be  m ade.
O n accoun t o f the cold  th e  construction  of the  self-registering instrum ents,
w hich m ust ac t a lone  for six m on ths in th e  year, is a  p rob lem  difficult o f 
solution.
As a  sojourn, too, the  Janssen  O bservatory  is n o t p ractical, as one cannot 
live, w ithout serious sufferings, in an  iron cham ber bu ried  in  the  ice. Fuel, 
carried  to  th a t height, costs 32 lire  th e  m yriagram m — four tim es m ore than  it 
costs w hen taken  up  to  R egina M argherita  H u t. L iving on th e  sum m it of 
M onte  Rosa, as was proved by our expedition, is m uch m ore com fortable. 
Soon we hope to  be ab le  to offer to the s tuden ts  o f th e  A lps those m eans 
w hich are  ind ispensab le  to  the carry ing o u t o f exact researches an d  with 
w hich till now it was im possible to  provide one’s self a t such high altitudes.
T o  lovers o f th e  A lps th e  illustration  011 page 313, from a  photograph  by 
V itto rio  Sella, will, I  am  sure, be  o f in terest. I t  was taken  a t the  m om ent 
w hen H .M . Q ueen  M argaret was ab o u t to  ascend  G nifetti Peak. T h e  iS th  
o f A ugust, 1893, is a  m em orable  date, because on th a t day a  new epoch in 
th e  story o f M onte R osa  was ushered  in  w ith th e  inauguration  of th e  R egina 
M argherita  H u t by the  august lady w hose nam e it bears, an d  whose love for 
science p rom p ted  th e  consecration  of th is m oun tain  to  the service o f N ature .
I I I .
T h e  erection  o f th e  M onte  R osa O bservatory  being now a certainty, it is 
incum ben t on us to  plan  a  system  on w hich it m ay be satisfactorily worked. 
T h is  could  be  effected by the construction  of a  bu ild ing  a t an a ltitude  o f
3,000 m etres near the  inn  a t th e  C ol d ’OIen, w hich w ould serve as a cen tre  
for th e  vo taries o f A lpine stud ies an d  those  undertak ing  excursions over the 
glaciers.
A t th e  sitting  o f th e  7th o f N ovem ber, 1897, I  laid  th is p lan of 
an  A lp ine sta tion  a t an a ltitude  o f 3,000 m etres near th e  C ol d ’OIen before 
the A ccadem ia dei L incei in  th e  nam e o f the m em bers o f the com m ittee. 
T h e  ob jec t o f th e  sam e is to  furnish  naturalists w ith th e  m eans necessary 
for investigation on the m ountains, by founding special laboratories provided, 
so far as th e  locality perm its, w ith the  m ost ind ispensab le  appara tus and  
instrum en ts o f w hich the carriage p resen ts m uch difficulty. T h e  new build ing  
will probably  con ta in  tw enty room s w hich will serve as laboratory  for geophy­
sical, m eteorological, biological, botan ical, a n d  physiological studies, ano ther 
larger room  will be given up  to astronom y and  will be fu rnished w ith a 
cupola w hich will serve as a refractor. T h e  rem ain ing  p art o f the A lpine 
station  will consist o f library, collection-room s, an d  living-rooms. As an 
assistan t an d  servant will live here  perm anently , it is to  be hoped  th a t thus 
a  satisfactory im pulse will be  given to  the study  of th e  A lpine world.
B esides the m utual assistance w hich th e  various experim enters will be able 
to  lend  each o th er in the station , a  greater in tim acy an d  friendlier feeling 
betw een the  naturalists o f different nationalities will thus be  prom oted , no t 
w ithout advantage to  the advancem en t o f scientific work.
M onte  R osa, as m ay be seen in th e  illustration  on page 183, has a  p ro­
jec ting  part, th e  H oheslich t, w hich ju ts  ou t in th e  d irection  o f th e  V incen t 
Pyram id. O n a p rom inence o f this ridge G nifetti H u t was built. T h is  hu t 
is a t p resen t the largest w hich m ay be  easily reached  am ongst all the A lpine 
hu ts a t an a ltitude  of 3,620 m etres. T h e  position  in  th e  m idst o f th e  glaciers 
is w onderful an d  has no t its equal in all th e  Alps.
D uring  the ir first a ttem pts to reach th e  sum m it o f M onte R osa Zum stein

a n d  his predecessors m ade th is peak  the ir base o f operations. T h e  brothers 
A dolph  an d  H erm an n  Schlagintw eit stayed for two weeks in the H oheslich t 
H u t an d  thence  pursued  the ir A lpine studies as a  p relude to  the ir explorations 
in  C en tra l Asia.
T h e  h ighest sta tions w hich we have as yet in E urope, besides th e  station  
on  M oun t E tna , a re  th e  Sonnblick  in the H o h e  T auern , a t an  altitude  of 
3,103 m etres, an d  th e  sta tion  of th e  P ic  du  M idi in  the  P yrenees a t a  height 
o f 2,870 m etres. T h e  proposed station  on M onte R osa  w ould be superio r to 
th e  o thers on accoun t o f th e  easy m eans o f com m unication  w hich the mule- 
p a th  w ould afford, o f th e  enorm ous mass o f glaciers w hich it w ould overlook, 
th e  neighbourhood  of the O len inn, o f th e  large G nifetti H u t, an d  the good 
com m unication  w ith the  M onte R osa peaks an d  th e  R egina M argherita 
O bservatory.
By m eans of th e  telegraphic an d  te lephonic  com m unication  betw een the 
p ro jected  station an d  th e  sum m it o f M onte R osa, a  field o f study  will be 
opened  up  to  m eteorology an d  geophysics unrivalled  in its possibilities. 
U n til now the  study o f the A lpine flora has been m ade, so to  say, en passant ; 
in  fu ture  th e  developm ent o f th e  plants, o f snows and  glaciers m ay be 
continuously  observed an d  our know ledge o f the  m odifications w hich the 
A lpine clim ate an d  the  d im in ished  pressure of th e  a ir p roduce on vegetable 
life will be vastly increased. A t a  sho rt d istance from  the site o f th is station  
there  is an island situa ted  am ongst the  glaciers w here a po lar flora flourishes 
(the so-called N aso). T h is  island m ay be seen in the illustration  on  page 183. 
B acteriology an d  pathology will find new paths o f investigation opening  up 
before them .
IV .
F o r four cen turies m ank ind  has sought w ith ever increasing a rdou r to 
reach  the  pole. T h e  story of A rctic exploration  is one of the g randest in 
th e  annals o f the hum an  race. N o legend ever im agined dram as m ore 
terrible, in no struggle w ith th e  elem ents has m an show n m ore undaun ted  
heroism . T h e  recollection  o f th e  num erous victim s, o f the sufferings and  
d isasters o f those w ho have perished  am id  th e  polar ice, thus paying for their 
bo ldness w ith their lives, does n o t de te r o thers, fore-doom ed, from  following 
in  their footsteps, from challenging w ith fresh hard ihood  th e  storm y seas, the 
icebergs, th e  w inter darkness w hich lasts four m onths, th e  cold, often 450 
below freezing point, th e  terro r o f ever-im m inent catastrophes, an d  th e  d read  
o f th a t m ost m iserable o f d e a th s—death  from hunger.
G overnm ents, parliam ents, private individuals, offer im m ense sum s as soon 
as som e m an who inspires confidence declares h im self ready to  start on a 
voyage o f exploration  to  th e  polar regions ; an d  scarcely does the fear that 
som e expedition  is lost becom e ou tspoken, b u t new  expeditions are  organised 
to go in search o f th e  m issing explorers w ith a g rand  and  touch ing  generosity 
insp ired  by th e  love of science an d  sym pathy w ith its daring  followers.
I t  was once though t th a t th e  pole was a  cap of ice w hich covered terra 
firm a ,  possibly an island w here m an m ight set his foot ; now we are  sure 
th a t ab o u t the  pole there  is a  deep  sea on w hich lie great fields of ice driven 
th ith e r by th e  w inds and  the  ocean-currents. A stronom ers had  already 
show n th a t th e  pole is no t an eternally  fixed point, b u t th a t its position on the 
surface of th e  earth  gradually  changes. M an will therefore never leave any
trace o f his passage in  these desolate, icy regions. T h e  discovery o f th e  pole 
will be o f little  use to  science an d  none a t all to  com m erce. A s N ansen  1 
says, th e  desire to  reach  the pole is a t bo ttom  a suggestion o f the dem on  o f 
vanity. A nd  yet, no t vanity a lone  is the  m o to r pow er bu t th a t m ystery 
w hich exercises such an  a ttrac tion  on hardy spirits. I t  is the  hope of 
reach ing  a  po in t h itherto  deem ed  inaccessib le w hich fascinates daring  
characters, renow ned no less for th e ir in telligence than  for the ir courage.
T h e  genius o f th e  pole, w hether b ad  or good, is th e  sam e spirit to w hom  
the m ountain-clim ber pays hom age. W hy, m any will have w ondered, are 
those so few in num ber who have a ttem p ted  th e  ascen t o f th e  h ighest peaks 
on the face o f th e  earth  ? G aurisankar, w hich rises 4 ,000 m etres h igher than  
M ont B lanc, w ith its un tro d d en  snows, challenges ou r generation , which, 
perchance, will pass away, leaving it unconquered . M oun t E verest, as th is 
m oun tain  is curren tly  called, a fter the E nglish  colonel w ho m easured  its 
height, m ust be re-christened  w hen th e  conquero r w hom  it is aw aiting has 
reached  its snowy sum m it an d  taken  away th e  rep roach  from  th e  m oun ta in ­
eering record  th a t th e  h ighest peak  o f th e  earth  has no t yet been  clim bed, nor 
m an looked dow n from  thence  on th e  p lateaux  w hence th e  A ryan race m oved 
onw ards to  subdue  the  world.
V.
A re the dangers a tten d in g  an  expedition  to  th e  pole g reater than  those of 
th e  ascen t o f the h ighest sum m its o f  th e  ea rth  ? I  th ink  not. So far as 
M oun t G aurisankar is concerned , there  is th e  add itiona l difficulty th a t it is 
s itua ted  in  th e  in d ep en d en t sta te  o f N epal an d  su rrounded  by a  warlike 
population . As, however, th e  E nglish  governm ent has a represen tative in 
the capital o f this k ingdom , it ought no t to  be too difficult for E u ropeans to 
organise a  scientific expedition , th e  m ore so as G aurisankar is scarcely 100 
k ilom etres d is tan t in a d irect line from the  confines of th e  E nglish  possessions 
in  th e  valley o f th e  Ganges. T h e  travellers who first reached  th e  base o f the 
H im alayas certain ly  exaggerated th e  danger arising from  the insalubrity  o f 
th e  valleys situa ted  in  front o f the principal chain. T h e  w orst to  be expected 
is th a t it m ay be a  m alarial region. W e do no t know  w hether m alaria 
prevails beyond  an  a ltitude  of 4,000 m etres, bu t, a t  any rate, w ith the 
preventive m eans w hich we now possess, this need  no t be a difficulty to  de te r 
an  expedition. W hat causes th e  evaporation  of all en thusiasm  is th e  con ­
viction, till now general, th a t m an  canno t w ithstand  th e  rarefied a ir o f those 
altitudes. H ero ism  shrinks from  such  pro longed  suffering as th a t due  to 
lack of breath . T h e  rom an tic  descrip tions o f the H im alayas, th e  poetical 
enthusiasm  of au tho rs carried  away by the  suprem e beauty  o f these m ountains 
are  inadequa te  to inspire courage to  face th e  danger o f a  slow m alady. I  am , 
however, convinced  th a t m an  m ay reach  the sum m it o f G aurisankar w ithout 
serious sufferings. T h e  experim ents an d  observations collected  in th is book 
give us the  assurance th a t m an  is ab le  slowly to  accustom  him self to  the 
d im in ished  barom etric  p ressure o f the H im alayas. I f  b irds fly to  a  he igh t o f
8,000 m etres m an  ought to  be  ab le  to  reach  th e  sam e a ltitu d e  a t a  slow rate 
o f progress.
L e t us m ake a  b rief com parison betw een th e  dangers a tten d an t on the 
two enterprises. A  po lar expedition  p resen ts g rea ter facilities in the  m atter 
o f victualling, as there  is always th e  p robability  o f fresh supplies being
1 Frid tjo f N ansen, Vers le pôle, Paris, p. 98.
fu rnished by fishing an d  the  chase ; it is possible also for provision-boats to 
advance along th e  lanes w hich open  in  the  ice-fields. T h e  dogs th a t draw  
th e  sledges afford an  excellent m eans o f  transport, because w hen stores 
ru n  o u t they  m ay be  eaten  one after th e  o ther. N atu re  is less desolate 
in  th e  polar regions than  on th e  H im alayan  slopes, and  the dangers are 
less great. N ansen  an d  Jo h an sen  w ere ab le  to  travel over a  great p art of 
th e  po lar regions on two sledges un til a t last they  reached  F ranz  Jo se f L and. 
T w o m en, w hatever the ir streng th  an d  daring, who w ould a ttem p t to  travel 
alone  over th e  last, unexplored  p art o f the  H im alayas w ould m eet w ith 
certain  death . T h e  eastern  part o f th e  chain  is m uch m ore precip itous than  
our A lps, owing to  th e  m onsoon w hich there prevails, an d  th e  ab u ndance  of 
rain w hich falls.
A  longer p reparation  an d  an  organisation  on a  w ider basis are therefore 
necessary. If, as an  undertak ing , a  H im alayan  expedition m ay seem  hum bler 
than  one to th e  po lar seas, we m ust no t on th a t accoun t deceive ourselves as 
to  th e  p robab le  expense w hich will certain ly  no t fall below  th a t o f the latter. 
As for its scientific an d  historical im portance, it w ould in  th is respect surpass 
even th e  m ost ce leb ra ted  A rctic expeditions. T h e  conquest o f th e  virgin 
sum m its o f the H im alayas will be th e  crow ning ach ievem ent o f m oun ta in ­
eering.
V I.
T h e  ascen t o f th e  loftiest peaks o f Asia, the  d ream  a n d  th e  am bition  o f 
m ountain-clim bers, has been  m ade the  sub jec t o f num erous works. A m ongst 
these  I  should  like to  m ention  those o f C lin ton  D en t.1 In  1854-56  the 
b ro thers Schlagintw eit c lim bed  to  a  heigh t o f 22,259 feet. C onw ay reached  an  
a ltitu d e  o f 22,600 feet in th e  K arakoram s. Zurbriggen with F itzG erald  
c lim bed  th is  year to  a  heigh t o f 24,000 feet, it is thought, b u t th e  figure is 
n o t yet qu ite  certain . T h e  da ta  co llected  by G raham  in 1883 adm it of 
discussion. A ccord ing  to  the  op in ion  o f the natives an d  o f th e  official 
surveyors in  Ind ia , it seem s probab le  th a t no t M oun t K ab ru  b u t a  lower 
m oun ta in  was ascended.
A  serious im ped im en t in  the  way o f reach ing  th e  sum m it o f G aurisankar 
is th e  difficulty o f finding tra ined  indiv iduals w ho w ould acclim atise them ­
selves du ring  a  slow ra te  o f progress, an d  reach  th e  top  in  cond itions of 
health  an d  streng th  such as to  enab le  them  to overcom e, if  necessary, o ther 
unforeseen difficulties. I t  is p robab le  th a t w hen an altitude  o f 7,000 m etres 
is reached  th e  expedition  w ould have to  descend  an d  th en  clim b again up  a 
m ore d is tan t peak. T h e  victualling  arrangem ents w ould have to  be 
generously b u t p ruden tly  m ade, so as to  ensure th e  surm ounting  o f  all 
obstacles, m ore especially as the  last stages w ould necessarily be  perform ed 
very slowly. K now ing th a t a  m an consum es a little  m ore th an  one kilogram  
o f food per day, an d  th a t beyond  an  a ltitu d e  of 5,000 m etres it is no t p ru d en t 
to  carry per m an  m ore th an  10 kilogram s or to  ascend  m ore th an  200 m etres 
per day, we m ay com pute the  p robab le  nu m b er o f encam pm ents necessita ted  
and  of th e  individuals w ho w ould have to be  em ployed to  carry the provisions to 
each successive cam p. T h e  num ber o f porters, if we take in to  accoun t the 
add itional w eight o f tents, instrum ents, an d  o th er travelling necessaries, may 
be rep resen ted  by a  pyram id  w ith its base a t the  beg inn ing  of th e  ascen t, and  
w hich keeps grow ing narrow er as it passes from  one cam p to th e  next. T he
1 Clinton D ent, Above the Snow-Line. London, 1885, p. 300. T h e  F u tu re  M ountaineering.
am oun t o f provisions forw arded in  th is way th rough  a ladder-like system  of 
cam ps gradually  d im in ishes likewise. F o r th e  h igher stages E u ropean  
porters an d  guides w ould have to  be m ade use of, as these w ithstand  m oun- 
tain-sickness b e tte r than  th e  natives.
M ountaineering  expeditions have h itherto  ad o p ted  too rap id  a  ra te  o f 
ascen t. T h is  haste  has serious consequences : th e  nervous system  has no t 
tim e to accustom  itself to  th e  action  o f th e  rarefied air, no r th e  organism  to 
th e  co ld  ; the  fatigue of th e  ascen t rapid ly  consum es our streng th  an d  leaves 
us no tim e to  regain it. U n d e r such cond itions m ountain-sickness renders 
the  strongest m en helpless.
I f  I  m ay com pare sm all th ings w ith great, I  shou ld  say th a t my colleagues 
on M ont B lanc (see C hap te r X I I I .) ,  on an  expedition  to  a  low er a ltitude  
than  th a t o f G nifetti Peak, suffered m uch  m ore th an  we, because they  d id  n o t 
accustom  them selves to the  cold  as we did, by ascending  slowly a t th e  ra te  of
1,000 m etres a  week, an d  because they  d id  no t succeed in keep ing  up  such a  
com fortable tem pera tu re  as we d id  in th e  R egina M argherita  H u t.
In u rem en t to cold is a sub ject w hich is yet to  be  thoroughly  stud ied . W e 
can accustom  ourselves to  live for m on ths a t a  tem pera tu re  o f— 400 as N ansen  
d id ; th e  organism  m ust not, then , be suddenly  taxed b u t gradually  inu red  by 
being sub jec ted  to  a  continually  increasing cold. T h e  organiser o f an 
expedition  up  G aurisankar ought first o f all to  ascerta in  w hat am oun t o f 
resistance th e  various m em bers are  ab le  to  oppose to  th e  influence o f cold. 
A  good prelim inary  tra in ing  w ould be to  cam p on the vast ice p la teau  w hich 
extends below the M onte R osa peaks, where, in  case of danger from  storm s, 
th ere  would be th e  sure refuge of th e  R egina M argherita  H u t.
F o r an  expedition  of th is k ind  it is ind ispensab le  to  find a certa in  num ber 
o f guides and  porters as well adap ted  to  m ountain-life as Jach in i, M arta, and  
S arteu r o f o u r party , m en, th a t is, in w hom  m echanical m uscu lar w ork causes 
only a m inim um  consum ption  o f organic m aterial, in w hom  th a t nervous 
excitem ent, w hich is the m ore im m ediate  cause o f  fatigue, is a lm ost entirely  
lacking, in w hom  th e  in ternal tem pera tu re  o f th e  body does n o t rise even 
during  th e  g reatest exertions. T h e  populations living on th e  slopes o f th e  
H im alayas, though  they m ay be  fed a t m uch  less expense, w ould n o t be o f 
m uch use as porters on  a  m oun ta ineering  expedition  of th is kind, because 
the ir religious conviction  th a t the sum m its o f th e  H im alayas are  inaccessible 
to  m an w ould rob them  o f th a t m oral force w hich long-continued exertion 
dem ands. T h e  m odera te  a lim entary  needs o f these natives is no t in itself 
a recom m endation  ; in  en terprises such as the  one  p roposed  it is b e tte r to 
choose m en  w ith stu rd ie r appetites.
T h ese  are  new  m oun ta ineering  p rob lem s w hich call for som e study, b u t it 
is m y opin ion  th a t in  th e  end  those  resist fatigue b e tte r w ho ea t heartily, or 
those  who have in th e ir b lood  such  stores o f assim ilable e lem ents th a t the 
o th er m ore precious supplies in  th e  tissues m ay be  left un touched . E very­
th ing  w hich consum es th e  organism  renders ou r cond ition  less favourable for 
resistance to barom etric  depression. I n  those  indiv iduals who, during  
prolonged  exertion, a re  ab le  to  draw  th e  requ isite  energy from th e  b lood 
an d  n o t from th e  stores accum ulated  in  th e  tissues, the  phenom ena  o f fatigue 
during  ascen ts are  less lasting an d  less serious.
In  th e  new observatory  I hope to  have construc ted  an  apparatus, such  as 
is show n in Fig. 56, by m eans o f w hich th e  resistance o f persons m ay be 
tested  who th in k  to  a ttem p t the  ascen t o f th e  H im alayas. T h e  pneum atic  
cham bers w hich are  m ade use o f in  the  low lands are  n o t satisfactory as a
m eans o f tra in ing  for g reat altitudes. W e oppose less resistance, because we 
have no  tim e to  accustom  ourselves to  th e  greater depressions. I  have been 
in a ir rarefied  to correspond  to  th e  altitudes o f 7,600 an d  11,600 m etres, bu t 
I  shou ld  certain ly  have suffered less h ad  I been  ab le  to  accustom  m yself 
gradually. A no ther d isadvantageous circum stance a tten d in g  experim ents in 
th e  pneum atic  cham ber in th e  low lands is th e  high tem pera tu re  of th e  air. 
E ven  in  w inter th e  re tu rn  to  th e  usual p ressure after every experim ent is a 
serious inconvenience. O n M onte  R osa  th e  in u rem en t to  rarefied air is 
m ore effectual, as beg inn ing  a t an  a ltitude  of 4 ,560 m etres the  pressure may 
be reduced  till it  co rresponds to  altitudes o f 8,000 o r 9,000 m etres, an d  the 
investigator m ay accustom  him self slowly, as I  hope, to these great depres­
sions. T h ere  a rc  apparatus w hich m ay be  p laced in  th e  pneum atic  cham ber 
by m eans o f w hich a  person m ay perform  m uscular w ork as du ring  an  ascent 
a lthough  rem ain ing  all th e  tim e in  th e  sam e place.
In s te a d  o f a  cham ber o f iron m ade all in  one piece as th a t show n in Fig. 
56, it will be  m ore convenient, on accoun t o f carriage, to  construct an 
alum in ium  cham ber d iv ided  in to  two equal parts, two cylinders, th a t is, 
each closed a t one end  and  w ith the  top  in th e  form o f a  cupola, so tha t 
it  m ay th e  b e tte r  resist th e  reduced  pressure. B efore th e  door of the 
observatory  a  site has been  p repared  on th e  rock w here a benzine m otor 
m ay be  erected . T h is  m oto r will w ork a  pum p which, by m eans of the 
necessary tubes, will effect th e  reduction  of th e  barom etric  pressure.
A fter a  course o f tra in ing  a t an  a ltitude  o f 4 ,560 m etres it will be possible 
to  ho ld  ou t for a  g reater leng th  of tim e against depressions w hich we find 
insupportab le  now w hen we pass rapid ly  from th e  norm al p ressure to  tha t -of 
a  heigh t o f 8,000 m etres.
I t  is a  hope I  cherish  to  be ab le  to  com plete  these stud ies w hich were 
th e  ob ject and , as it were, th e  d ream  o f my last expedition  to  th e  Alps. 
Should  my desires rem ain  unrealised  I  m ay perhaps have th e  satisfaction of 
app laud ing  younger, m ore com peten t colleagues who will con tinue  the 
investigations begun  by me on M onte Rosa.
Corporal Camozzi. Army-Surgcon Capt. V. Abclli. M arta (soldier). Corporal Jachini.
FIRST APPENDIX
AN ATTACK OF INFLAM M ATION OF T H E  LUNGS W H ICH  DEVELOPED ON TH E  SUM M IT OF
MONTE ROSA
I.
THE above photograph was the last which Reno Bizzozero took of our expedition, at Gressoney, to commemorate the safe arrival of our rearguard, composed of the soldier Ramella, who was recovering from an attack of inflammation of the lungs, of Dr. V. 
Abelli, the two corporals, Camozzi and Jachini, and the soldier Marta.
While we were at Regina Margherita Ilut, at a height of 4,560 metres, Ramella was 
seized by the above-mentioned malady. In publishing an account of this rare case of a 
malady which developed and was cured at such a height, I may express the hope that if this 
clinical study is not so complete as one might desire, its deficiencies may be pardoned as 
due to the cramped space and to the numerous difficulties which beset us during those days 
of anxiety.
Pietro Ramella, an inhabitant of Oropa,1 is a mountaineer of 22 years of age ; he weighs
1 This account was written by Dr. V. Abelli, and presented to the Accademia dei Lincei, 
Rendiconti seduta, 5 Luglio, 1896. In the original memoir there are three curves which, for the 
sake of brevity, are here omitted.
62 kilograms, and is 1 *62 metres in height. He is regularly built and his constitution is 
robust, although he is usually somewhat pale. Vital capacity, measured July 13th, 3,872 
cubic centimetres. As a boy he suffered from earache, but does not remember any other 
circumstances worthy of notice.
In order to give a proof of Ramella’s strength, I here instance one of the marches which 
he accomplished during the period of training, while we were exercising ourselves by trial- 
marches in the plain and Lower Alps. On July 5, 1894, he left Ivrea at 5 p.m. with some 
companions, and arrived at Gressoney St. Jean at 7 a.m. the next day. I had gone with 
Prof. A. Mosso to await the party, at a point an hour’s walk below Gressoney St. Jean. 
Here we found that Ramella had a rectal temperature of 37*4°, a pulse-rate of 98, brcathing- 
rate of 25 in the minute ; he was therefore in excellent condition, and started shortly after­
wards for Gressoney la Trinità, where he arrived at 10 a.m. This was a march of about 12 
hours, leaving the halts out of account, over ground rising to 1,400 metres, and with a weight 
of about 15 kilograms in a knapsack on his back. By other marches of equal length in the 
plain between Montanaro and Turin, we reassured ourselves as to Ramella’s strength and 
power of resistance to fatigue.
After we had been for some weeks on the glaciers of Monte Rosa, we sent word to 
Ramella, who was at Ivrea, to follow us. On August 10, 1894, Ramella left Ivrea with 
the train at 7 a.m. Having arrived at Pont St. Martin at 8 a m., he went on on foot, 
arriving at 5 p.m. at Gressoney St. Jean. Here he slept, started again at 6 a.m. the next 
day with some companions and a guide, and at 5.30 p.m. reached Gnifetti Hut (alt., 3,620 
metres), where he slept well. The next day (August 12th) he left Gnifetti Hut at 5.30 a.m., 
carrying, as he had done the day before, a sack of bread on his shoulders, weighing about 
20 kilograms. During the whole of the journey over the glacier, he exhibited no signs of 
abnormal fatigue, even when the ascent was most arduous. Even at the last part of the 
ascent, which is* the steepest and most difficult, although three of our party had gone to 
meet the newcomers, as was our custom, in order to offer assistance or refresh them with a 
little warm wine, Ramella refused help, and carried the sack of bread up to Regina Margherita 
Hut. The new arrivals, four in number, reached the hut at 9.12 a.m. The weather was 
fine, the wind high. The temperature of the air in the shade was —90.
As soon as the four men entered the hut, each of us (we were four physicians) took 
one and subjected him to an examination in order to find out the phenomena of fatigue and 
to study the modifications which the organism presents as soon as the altitude indicated is 
reached. Ramella was assigned to Prof. Ugolino Mosso. From the journal of observations 
I copy that part which refers to the first hours after his arrival at Regina Margherita Hut.
Pietro Ramella arrived at 9.12 a.m. He felt well, had no headache, but was very tired.
Ilis face was somewhat leaden-coloured and the hands were very cold. The shoes and 
stockings being taken off, the feet were found in a normal condition. I wrapped them in a 
blanket and Ramella then lay down on a mattress.
Rectal
Pulse. B reathing. Tem perature.
9.1S a.m. no 25 37'6°
9-27 „ 102 20 37'5°
9-45 » n o 20 37°
3.0 p.m. 123 25 37-8°
5-50 „ 120-124 26 39°
He complained of headache, and of a tendency to vomit ; as he was much depressed we 
administered 10 centigrams of hydrochloride of cocaine in half a glassful of Marsala wine. 
The livid colour of the face had increased and he began to shiver.
In the night the fever increased and the next day, after examining the lungs, I began to 
suspect a case of inflammation. In the table at the end I have entered the observations made 
during the illness.
During the two first days the pulse fluctuated between 118 and 100 beats per minute. 
We could not obtain a curve with Marey’s sphygmograph, the pulse being too weak and 
filiform. I might have tried to register the pulse with Prof. A. Mosso’s hydrosphygmograph, 
which we had with us in Regina Margherita Hut, but it seemed to me needless to trouble 
the patient, as, with the exception of the great rapidity and weakness of the pulse, the action 
of the heart and blood-vessels was normal.
The irregularity in the frequency and amplitude of the respiratory movements was evident. 
Repeated observations convinced me that in Ramella the breathing was more superficial than 
in all the rest of us. On the third day of the illness the rate of respiration was only 23 to the 
minute. This arises from the counter-action of antagonist factors, as—fever, the altitude, 
repose, the lesion of the lungs itself, and the depression of the nerve-centres. With regard 
to the theory of mountain-sickness, it is interesting to note that in this case the amplitude 
of the inspiration was less, in spite of the barometric pressure of only 425 millimetres, and
notwithstanding that, owing to the inflammation of the lungs, the respiratory area was more 
limited than the normal.
Another fact worthy of mention is that during the malady the respiration remained 
periodic. This phenomenon, which was common to all of us during sleep, was manifest in 
Ramella also in a waking condition, with this difference, that in him the periods were con­
stituted of 10 or 12 superficial breaths, separated by one or two profound inspirations.
The rate of respiration reached its maximum on the second day of the illness, 32 inspira­
tions being executed per minute ; it then gradually and continually diminished, falling at last 
to 18 breaths in the minute. In the plain the average respiratory frequency tvas in Ramella 
only 14 breaths per minute. The frequency of the pulse began also to decrease after the second 
day, falling from 118 (August 13th) to 64, without, however, recovering the minimum 
observed in the plain after sleep, that is, 50 pulsations in the minute. During the whole of 
the sojourn at the Regina Margherita Hut the pulse was small and weak.
The progress of the disease was marked by the characteristic course of the temperature, 
which, even, at the beginning, barely reached 400 (39'9°), fluctuating on the days following 
between 38'8° and 3S0. On the seventh day the condition of the patient improved and the 
course of the fever during that day may almost be considered as a long lysis.
Lysis, sufficiently rare in acute pneumonitis, denotes an anomalous course of which we must 
consider the causes. The hypothesis that this inflammation was produced by a chill does not 
seem very probable to me, for in that case inflammation of the lungs should be of much more 
frequent occurrence amongst mountain climbers than it actually is. Indeed, the experience 
which I have had of the Alps leads me to believe that this disease is less frequent in the 
highlands than in the lowlands.
Although we were unable to examine the sputum under the microscope, the disease in 
question was in all probability acute fibrinous inflammation. The exceedingly slight cough, 
the physical qualities of the sputum which had the typical appearance, being rusty-coloured, 
mixed with blood, firm and glutinous, the lack of other symptoms characteristic of bronchial 
catarrh encourage the statement that this was a case of infection with the Fraenkel pneumo­
coccus.
As soon as the disease had been diagnosed, the first question which we put to ourselves 
was whether the state of the patient would be aggravated by remaining at that height, or 
whether, or the contrary, the atmospheric depression would be favourable to the course of the 
fever and inflammation. During the two first days we were alarmed at the increase of the 
livid colour and at the lack of strength. A terrible storm burst at this time over the Alps 
rendering it impossible to leave the hut, much less to transport our patient to a lower level.
O b s e r v a t io n s  m a d e  d u r i n g  t h e  i l l n e s s  o f  t h e  s o l d i e r  R a m e l l a  a t  a n  a l t i t u d e
o f  4,560 m e t r e s .
Observations.
Aug. 
12th
13 th
9 p.m. 
6.20 a.m.
9.45 a.m.
12 a.m. 
4.30 p.m. 
5 p.m.
7 p.m.
I iS
104
: 3 9 '5°
32  ; 39"9
30
24
, 39'5  
! 38-9° 
38-6° 
38-5° 
Ì  3 8 - 2 °
Violent headache. Respiration periodic ; that 
is, a certain number of superficial respirations 
alternated with one or two deep inspirations.
Vesicular breathing in the whole lung except at 
the right posterior base of the thorax, where it is 
undetermined. The beat of the heart apex is not 
noticeable, the area of cardiac dulness is augmented, 
the sounds not altered but very weak, pulse small, 
not perceptible at the radial artery. At the right 
posterior base of the thorax, a crepitating râle is 
heard, hyper-resonant response to percussion, slight 
increase of vocal sound. Complete absence of 
cough ; breathing periodic ; intense frontal head­
ache ; very marked and diffused cyanosis, lethargy ; 
tongue slightly furred.
Ì: a
« § Observations.Q F
«
a 1
Aug.
14th 7 a.m. 387° Whistling bronchial breathing at the right pos­
terior base ; epistaxis ; continued headache. Cough 
absent. Urine scanty, thick, dark.
10.30 a.m. 9S 29 38-6»
5.30 p.m. 387° Continued headache ; cough still absent ; bron-
cophony. crepitating râle, augmentation of cardiac 
dulness on the surface corresponding to seat of 
inflammation.
9 P-m. 96 24 38-1° Very manifest periodic respiration.15 th 6 a.m. 94 25 38-8° Rare, feeble, and subdued attacks of coughingeliminate a characteristic pneumonic sputum, from 
which a strong putrid odour emanates, insupport­
able to the patient himself. Headache still more 
violent. Half a gram of phenacetin is administered 
and a cup of strong coffee.
11 a.m. 38-1° Headache much less violent ; the patient drinks
the yolk of an egg in Marsala wine, and after two 
hours some egg broth.
4.30 p.m. 96 23 38° Slight headache ; the patient is dozing ; has9 pnt. 387° taken some warm wine and some Marsala.
16 th 6 a.m. 92 24 38-4° Headache continued during the night, but wasgone this morning ; the patient has taken a cup of
coffee, has an annoying sensation in the ears, as 
though there were water in the outer auditory
canals, which are, however, normal. Sputum 
sanguineous ; it is got rid of easily, as always, at 
the first effort to cough.
5 p.m. 38-5° Labial herpes noticeable ; headache gone ; the patient has taken some egg-broth, red wine, and 
Marsala. He sat up for two hours.
9 p.m. 95 22 38-3° Headache returned for three hours ; the patienthas taken some broth and red wine.
17 th 8 a.m. 90 21 3 7 7° The patient slept well during the night ; has no
headache.
2 p.m. 3S0 Patient quiet ; has taken some soup. Expec­toration diminished ; sputum of a lighter colour.
5 P-m- 86 23 U> Op Local symptoms almost completely gone ; re­appearance of vesicular respiration ; the crepitating 
rale has ceased ; expectoration almost ; pulse fili­
form, felt with difficulty on the radial artery ; 
cyanosis diminished.
9 p.m. 37'9° Patient says he feels better ; is sleeping quietly.18th 6.30 a.m. 90 22 37S° Has rested all night. Very little muco-purulent 
sputum.
4.30 p.m. 80 19 37'4° Patient has been up four hours ; has eaten ;slight cyanosis with pallor, pulse filiform, respira­
tion periodic.
19th 7 a.m. 64 l8 36-8°
During the whole of the illness there was no 
pricking pain in the thorax.
The rapid decrease of the disease made us think afterwards that the rarefaction of the air 
had exercised a beneficial influence on the progress of the inflammation. Certainly the 
pneumococcus showed a lesser virulence than it usually does in the plain. The circumstance 
that the patient was with us for a week, in the confined space of a badly-ventilated hut, without
the disease com m unicating itself to any of us, proves tha t the bacilli were not very virulent. 
I t is, o f course, true that few patients are tended with equal ca re ; we four physicians were 
with him  the whole day, busying ourselves w ith him , and in tent on keeping up his courage. 
Though isolation was not possible, as we were obliged to live and sleep near the patient, yet 
all practicable precautions were taken, especially with regard to the sputum , for which 
receptacles containing a solution of corrosive sublim ate were set apart. Everything which 
he touched in eating or drinking was carefully washed afterw ards in corrosive sublimate. 
F o r all o ther sick-room refuse we had a  means of absolute disinfection, such as no hospital 
has a t its disposal. W hen the south-window of the hut is opened, there lies below, a t a 
depth  o f 1,500 m etres, the V igne glacier. A nything thrown out o f this window, towards the 
valley of the Sesia, falls down vertically to a  dizzy depth.
I have inserted  th e  accoun t o f  th is case o f inflam m ation of th e  lungs 
exactly as it was w ritten  by D r. A belli im m ediately  a fter ou r descen t from 
M onte  R osa. S ubsequen t experim ents com pletely  altered  my opin ions as 
to  th e  na tu re  an d  cause o f th e  disease, w hich m ust, I  th ink , be considered  as 
a  typical case o f in fla m m a tio n  o f  the lungs arising  fr o m  para lysis o f  the 
vagus u c ii’c. T h e  a ltera tion  o f th e  lung d u e  m erely to  barom etric  depression  
w hich I found in dogs an d  rabb its  in less th an  an  h o u r sufficiently bears 
o u t this diagnosis.
T h e  anom alous course o f th e  m alady an d  th e  phenom ena  observed 
support the view th a t th e  etiology o f th e  inflam m ation can only be sought 
in the d im inution  o f th e  barom etric  pressure.
R am ella  had  slep t well the  n igh t before, an d  arrived  a t th e  foot o f  
G nifetti P eak  in  such  good cond ition  th a t he  -would n o t give u p  th e  load 
o f 20 kilogram s w hich he  h ad  on h is back  to  those  w ho h ad  com e to  m eet 
h im  in o rder to  he lp  him  in clim bing  th e  last p a rt o f th e  glacier, w hich is 
the steepest an d  m ost difficult. W hen he  reached  R eg ina  M argherita  H u t 
a t 9.12 a.m . he  to ld  m e gaily th a t he  was qu ite  well. I n  less than  six hours 
his cond ition  becam e alarm ing. H e  began  to  vom it, h is pu lse becam e very 
rap id  an d  alm ost im perceptib le, so th a t it cou ld  only w ith difficulty be 
coun ted  a t the radial artery .
O ne c ircum stance surprises us in  the story o f this illness— the high rate  
o f th e  pulse (123 per m inute), w hich does n o t co rrespond  to  th e  slight rise 
o f the rectal tem pera tu re  (37 '8°). T h e  serious general depression , cyanosis, 
vom iting, the increased  a rea  o f cardiac dulness, th e  ex trem e w eakness o f th e  
im pulse o f th e  heart against th e  ribs, th e  irregularity  in  th e  ra te  an d  am plitude  
of th e  respirato ry  m ovem ents after th e  lapse o f five hours, the  pulm onary  
gangrene due  probably  to  incom plete  deg lu tition , a re  all characteristic  p heno ­
m ena w hich can  only be explained as arising  from  paralysis o f the  vagus nerve.
R am ella’s cond ition  im proved, happily, in  two days’ tim e. I f  the 
paralysis had  lasted  longer, o r h ad  assum ed a m ore serious form, we should  
perhaps have h ad  to  w itness th e  dea th  o f ou r com rade, an d  to  th e  sum m it 
o f M onte R osa w ould cling to-day the  sorrowful recollection  o f a  fatal case 
of paralysis o f the nerves o f hea rt an d  lungs sim ilar to  th a t w hich caused  th e  
dea th  o f D r. Jaco tte t on M on t B lanc (see p. 179).
D r. B urdon  Sanderson  tells m e th a t on  a  v isit to  Z erm att m any years 
ago, a  well-known G erm an professor w ho h ad  a ttem p ted  a  high ascen t was 
b rough t dow n by h is gu ide  in  a  s ta te  o f in tense  an d  alarm ing dyspnoea. H is  
case was recognised as one o f pneum onia , an d  trea ted  accordingly. I n  a  
couple o f days he was convalescen t. D r. S. th inks it  p robab le  th a t this case 
was of th e  sam e k ind  as th a t o f th e  so ld ier R am ella.
In  all such cases we should  advise clim bers to  bring  dow n their friends 
to  a  lower level as p rom ptly  as p racticab le .
O rsia above Gressoney la T rin ità . H ouses a t the foot o f M onte Rosa, the 
highest inhabited in w inter (alt., 1,800 m etres).
SE C O N D  A P P E N D IX
METEOROLOGICAL OBSERVATIONS MADE IN REGINA M ARGHERITA H UT 1
T H E  direct observation of meteorological conditions at great heights above the level of the sea is im portant to our general knowledge of the atm osphere. Every m ountain- clim ber provided with good instrum ents should collect accurate data  and compare 
them  w ith the data obtained from the registering instrum ents which were used on Mont 
Blanc in the Val lot Observatory 2 for about a  m onth in the year 1887.
I here communicate the results o f the observations made by us during our sojourn in 
R egina M argherita H u t, and those obtained by Alfonso Sella from the 22nd to the 26th of 
August.
T he period of observations extends from the n t h  to the 26th August, w ith a break from 
the 19th to the 21st, during which we came down from the hut and Dr. Alfonso Sella w ent 
up. T he observations were m ade, as a rule, every three hours from 6 a.m . to 9 p.m . W e 
used the Goldschm idt aneroid barom eter to determ ine the atm ospheric pressure, and a 
therm om eter exposed to the north and protected from the direct radiations of tem perature.
I.
ATMOSPHERIC PRESSURE
T he aneroid had been carefully verified before use, its constants being directly determ ined 
for pressures not widely differing from the normal. T he doubt rem ained, however, that for 
pressures so low as that on M onte Rosa, these constants m ight alter, thus causing an instru­
m ental error. A  further determ ination was therefore made under conditions sim ilar to those 
o f the high Alps. T he observer entered the pneum atic cham ber shown in Fig. 56 with the 
aneroid barom eter and a m ercurial barom eter. W e then began to dim inish the pressure, 
continuing until the aneroid m arked the average pressure on M onte Rosa, the indications of 
the  mercurial barom eter being observed a t the same time. I t  is easy to understand how, 
from the com parison of the two, the gradual correction necessary in the values m arked by the 
Goldschm idt aneroid is determ ined.
In  Italy , to obtain the average value o f the atm ospheric pressure of one day, we take the 
average of the registrations a t 9 a .m ., 3 p.m. and 9 p .m ., and it may be shown that in so 
doing average values are obtained which differ only in an inappreciable degree from those 
which would result were the average taken of the registrations of every hour in the day.
But from our observations it appears evident that the daily period of atm ospheric pressure 
on M onte Rosa, or rather the law  according to which the pressure varies in one day a t that 
height, is different from that which regulates these variations near the level o f the sea, and, 
therefore, that the daily pressure can be better determ ined by taking the average o f the 
pressures observed a t 6 a.m ., 12 a.m . and 9 p.m . T he values corresponding to these hours 
and  the averages draw n from them , are collected in the following table :—
1 Dr. G. B. Rizzo, assistant at the Astronomical Observatory of the University of Turin put in 
order the meteorological observations which we had collected and wrote this appendix, for which 
service I express grateful acknowledgment.
2 J. Vallot. Annales de l’Observatoire Météorologique du Mont Blanc, 1893.
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August, 1804. 
D ate.
A tm ospheric pressure in millimetres on the  sum m it of M onte Rosa (4,560 m.).
6 a.m. 12 a.m. 9 p.m. Average.
II 4262 426-8 4270 426-83
12 427-2 429-0 430'S 428-90
IS 429-0 428-5 427-5 428-33
14 426'2 427-8 43 0 0 42800
IS 429-0 429-7 429-5 429-40
16 428-0 427-0 427 6 427-53
17 426-0 425-0 427'0 426-00
18 425-5 42 5 0 425-0 425-17
22 422-0 4 2 5 0 426-5 424-50
23 427-3 428 0 429-1 428-13
24 4292 430'S 431-8 430-50
25 431-9 43I -5 430'5 4 3130
26 430-8 430-6 4296 43033
O nly in very rare cases, when some serious occupation prevented the taking of observa­
tions a t  the hour established, the omission was m ade good by an average drawn from the 
registrations a t the tim e immediately before and after.
In  ordinary conditions, th a t is, a t common altitudes, the atm ospheric pressure reaches its 
maximum betw een sunrise and m idday, because the aqueous evaporation during the morning 
hours carries into the atm osphere a certain quantity  o f vapour the tension of which is added 
to  the pressure o f the air. T hen the augm entation o f the tem perature a t the surface of the 
earth  gives rise to currents which ascend into the air and cause a  dim inution of the pressure 
a t  the level of the sea, a  minimum being reached between 2 p.m . and 5 p.m . T he pressure 
then again begins to increase, until, after m idnight, owing to the condensation of vapours 
which collect in the form of dew, it diminishes once m ore until the rising of the sun, when 
the  increase begins again and the same round is gone through.
These facts are well know n to all interested in meteorology, and it is likewise known that
a t great heights above the level o f the sea the laws of variation o f atm ospheric pressure must 
be different. T here the effect o f the tension of aqueous vapour added to the pressure of the 
air m akes itself noticeable later, when the ascending currents which, a t the level of the sea, 
determ ine the barom etric minimum of the afternoon, carry masses of vapour up to the higher 
regions. T he augm entation also continues later when the nocturnal cold is added to the 
great humidity.
T his is fully confirmed by our observations, the average barom etric pressure being :—
A t 6 a.m . ... ... ... ... ... 427-56 mm.
„  3 P - m .............................................................  428-03 ,,
», 9 P - m .............................................................. 428-62 „
A  comparison of the atm ospheric pressures on M onte Rosa w ith the values obtained 
during the same days in T urin is given in the following table :—
C o m p a r iso n  b e t w e e n  t h e  a t m o sp h e r ic  p r e s s u r e  in  T u r i n  (a l t . ,  276 m e t r e s ) a n d  
o n  M o n t e  R osa  (a l t ., 4 ,560  m e t r e s ).
August, 1894. !______________________________ Atm ospheric Pressure.
Date.
Turin. M onte Rosa. Difference.
II 7 3 4 - 6 9 4 2 6 - 8 3 3 0 7 - 8 6
1 2 7 3 9 - 0 7 4 2 8 - 9 0 3 1 0 1 7
1 3 7 3 5 - 9 9 4 2 8 - 3 3 3 0 7 6 6
H 7 3 4 - 5 2 4 2 8 - 0 0 3 0 6 - 5 2
I S 7 3 6 - 8 6 4 2 9 4 0 3 0 7 - 4 6
l 6 7 3 6 - 4 5 4 2 7 - 5 3 3 0 8 - 9 2
I ? 7 3 4 - 6 0 4 2 6 0 0 3 0 8 - 6 0
l 8 7 3 6 - 7 2 4 2 5 - 1 7 3 1 1 - 5 5
2 2 7 3 9 - 8 2 4 2 4 - 5 0 3 1 5 3 2
23 7 4 2 - 7 4 4 2 8 - 1 3 3 1 4 6 1
24 7 4 2 - 8 8 4 3 0 - 5 0 3 1 2 - 3 8
25 7 4 1 - 0 2 4 3 1 - 3 0 3 0 9 - 7 2
2 6 7 4 0 - 4 7 4 3 0 - 3 3 3 1 0 1 4

The diagram  in Fig. 64 shows the nature o f these variations more clearly.
I t  is seen at once that the great fluctuations proceed along alm ost parallel lines in the two 
places, although their am plitude is less on M onte Rosa, and this is natural, because in 
T urin, the absolute value of the atm ospheric pressure being alm ost the double o f that on 
M onte Rosa, there m ust be the same proportion also between the variations.
O ne last rem ark respecting the atm ospheric pressure. T he determ ination of the atm o­
spheric pressure in different places is a practical m ethod to ascertain the difference o f their 
levels. N ow, in T urin , the average barom etric pressure during the period under consider­
ation was 738 41 mm., on M onte Rosa 428 07. T urin  is 276 m etres above the level of the 
sea, M onte Rosa, 4 ,559  m etres. T he difference of pressure is therefore equal to 310 34 mm. 
for a  difference in level am ounting to 4 ,283  m etres, this giving an average dim inution of 
: mm. o f pressure for every 13'S m etres o f altitude. Between two places nearer to the level 
of the sea the dim inution o f pressure w ith increasing height is more rapid, the rate of 
decrease being a t ordinary altitudes I mm. for about every 10 metres. N or need this cause 
surprise, because the lower strata  of the atm osphere are denser and hence the variations of 
pressure m ust be more rapid, the m easurem ent of heights, based on barom etric registrations, 
being carried out by applying certain formulae in which account is taken of the exact law 
which unites the variations of pressure to the variations of height above the level of the sea.
II .
TEM PERATURE
A t great heights the warm th of the sun’s rays is greater, but the pure and transparent 
atm osphere of those higher regions is not adapted to absorb their energy, the air therefore 
becomes little warmed, while during the night the soil cools w ith great rapidity. This 
explains why, even in the height of summer the tem perature there is very low, a  fact which 
our observations clearly confirmed.
T he m oderating action of aqueous vapour being alm ost entirely lacking, the tem perature 
on high m ountains has a  diurnal progress different to that of places near the level of the sea, 
and therefore the daily average o f the tem perature cannot be calculated in the same manner 
as in our Observatories, but from an  exam ination o f all the observations m ade, it seems to 
m e that, as average tem perature on M onte Rosa, the average value o f the observations made 
a t 6 a.m., 12 a.m. and 9 p.m . may be taken as for the determ ination of the barom etric 
pressure.
T he following are the results obtained :—
T em perature on the sum m it of M onte Rosa.
August, 1894.
Date. 6 am - 12 a m- y p.m. Average.
I I — i 4 -o — 2 0 —  9 0 -  8 3
12 —  9 '0 — 9-0 — to o —  9 3
13 — IO 'O —4-0 —  9 0 -  7 7
14 —  5"0 —4-0 —  7'o —  5 3
15 — 6 -o — 2-0 —  7 0 — 5 0
16 — 7'0 — 2-5 —  7'0 —  5'5
17 —  8-0 - 8-5 — “ '5 —  9 3
is — 13-0 — 8-0 — 14-5 — I I - 8
22 —  8-8 — 5-0 —  7'0 —  6 9
23 —  5'2 — 3 5 —  4-0 —  4 2
24 —  6 0 - 3'8 — 6 0 —  5'3
25 — 3 ’S +  2’2 —  3'° —  i "4
26 —  3 0 —4-0 — 5 0 —  4-0
A comparison of these values w ith those obtained during the same time in T urin  is given 
in the subjoined table.
C o m p a r is o n  o f  t h e  T e m p e r a t u r e  i n  T u r i n  (a l t . ,  276 m e t r e s ) a n d  o n  t h e  
s u m m i t  o f  M o n t e  R o s a  (a l t . ,  4,560 m e t r e s ).
August, 1894. 
Date.
T em perature.
Turin. M onte Rosa. Difference.
I I 21 "6° —  S*2° 29-90
12 2 I'6° —  9 ‘3° 30-9°
13 19-5° —  7 7 ° 27-2°
14 20-8° —  5-3“ 26-1°
15 20'6° —  5-0° 25-6°
16 19 '4° -  5 ' 5° 24-90
17 21 'O0 — 9 '3° 3° '3“
18 20*1° — I I -8° 31'9°
22 19-7° —  6-9° 26-6°
23 21 "9° — 4 ‘2° 26-1°
24 24-1° -  S '3° 29-4°
25 25-1° —  I '4° 26" 6°
26 26-1° —  4 ’o° 30-1°
These variations are shown in the diagram , F ig . 65.
T he tem perature o f the air, especially in the m ountains, depends on a  great num ber of 
circumstances : 011 solar radiation, the sta te of the sky, on the degree o f hum idity, the direc­
tion o f the wind, &c. O n this account it is clear that even if the progress of the tem perature 
on Monte Rosa is not, roughly speaking, much different from that in T urin , there may yet 
be considerable divergencies and m utations in details. But if we consider the tem peratures 
o f all the days of the above-m entioned period, taking them  all together and again strik ing  an 
average, we obtain results not wholly w ithout im portance.
T he average tem perature of the period under exam ination was—
in T urin  +  2I"6° 
on M onte Rosa — 6-5°
the difference being, therefore, 2S 'i° .
I f  we now com pare this difference o f tem perature between the two places w ith the 
corresponding difference of height above the level o f the sea, we find that the dim inution of 
tem perature is of about half a  degree, or more accurately 0-65° for every 100 m etres rise.
T he result is in perfect agreem ent with that found elsewhere by o ther observers.
H irsch and I la n n , reckoning from a  great num ber o f observations taken a t different 
heights above the level o f the sea in Sw itzerland and in the mountains of Germ any, found 
that in the m onth of A pril, for every 100 m etres o f altitude the average tem perature 
decreases—
0'07° in Southern Switzerland,
0'04° in N orthern  Switzerland,
0 ’66° in the H arz M ountains.
Carlo Bruno, working on an am ple series of observations taken at Mondovi and La Balma 
in the M aritim e Alps, found a dim inution of 0 ’6S° in the average sum m er tem perature for 
every 100 metres.
I I I .
T H E  S T O R M  O F  T H E  I 3 T H - I 4 T H  A U G U S T , 18 9 4
Before concluding these brief notes 011 the meteorological conditions observed on Monte 
Rosa, m ention m ust be m ade of the violent storm  which we experienced in the night o f  the 
I3 th -I4 th  August.
T he barom eter had not sunk at all considerably, it was oscillating, in fact, about the 
average, when in the night of the 13th the wind began to blow furiously from the north, 
continuing without a  break till the following midday. T he violence of the hurricane was
such as we had never before experienced. T he keeper, F rancioli, who had gone out o f the 
hu t, was throw n to the ground by the wind and bruised his knee. W hen the storm was over 
we found that the wind had incrusted the whole hut and balcony with a  thick layer of hoar­
frost. T he icicles were from 12 to 14 centim etres in length. W e had never seen anything 
sim ilar in the A lps. A  picture o f the frost-covered hut is given on p. 200 with the w riter in 
the foreground according to the wish o f the young photographer o f the party.
W e endeavoured to discover to w hat conditions the storm  owed its origin. T he synoptic 
w eather-charts published by the central meteorological offices show that in Europe from the 
13th to  the 14th the atm ospheric pressure was distributed as indicated in the subjoined 
sketch, Fig. 66.
A  strong depression extended over E ngland and Sweden, whereas in the Bay of Biscay 
and Iberian peninsula the pressure was very high. According to the fundam ental principles 
o f atm ospheric movement, we know  that for our hem isphere the air exhibits in a depression, 
or, as it is called, cyclone, a  vertical movement in a  contrary sense to that of the hands of a 
watch, whereas in an atm osphere o f high pressure, or anticyclone, it moves in the same sense 
as the clock hands. On M onte Rosa, in the night o f the I3 th -I4 th  A ugust, 1S94, the 
united action o f the British cyclone and  Iberian anticyclone gave to the air the movement 
from north to south and produced the very violent wind.
T h e  day afterw ards the cyclone was still in almost the same place, whereas the area of 
high pressure had removed considerably tow ards the east, the atm osphere afterwards 
becoming tranquil again.
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F i g . 6 6 .— C h a r t  of b a r o m e t r i c  p r e s s u r e  in  E u r o p e  d u r i n g  t h e  s to r m  o f  t h e  1 4 th  A u g u s t ,
1S94.
T A B L E S
P H Y S I O L O G I C A L  O B S E R V A T I O N S  M A D E  D U R I N G  
T H E  M O N T E  R O S A  E X P E D I T I O N .
T he most im portant anthropometrical data furnished by the subjects of my 
experiments have already been given. Before placing them here again before the 
reader in tabular form I may mention tha t only two of my subjects (Corporal 
Jachini and the soldier Sarteur) had already been on the glaciers at an altitude of 
about 3,500 metres in their native valley of Aosta. The other soldiers, although 
they were mountain-soldiers, had never ascended beyond the height of 2,500 
metres, and could not therefore be looked upon as accustomed to live at an 
unusual altitude. In the year in which they accompanied me up Monte Rosa not 
one of all these mountain-soldiers had been on the mountains. The year before 
my brother had made an ascent as far as Gnifetti Hut. Beno Bizzozero was a 
good mountain-climber. In the previous year he had crossed Monte Rosa to 
Zermatt by the Col du Lys, making the ascent of Zumstein Peak (4,563 m.) on the 
way. Dr. V. Abelli was an experienced mountain-climber.
In the following table the three last names are those of the soldiers who 
ascended directly from Ivrea to Regina M argherita H ut. The other members of 
the expedition, ten in number, without counting guides and porters, mounted slowly 
a t the rate of about 1,000 m etres per week.
NAME. WEIGHT IX GRAMS. HEIGHT IN METRES. AGE.
Eugenio Camozzi ................ 65,600 IVO 22
Santino M arta ................ 71,200 I7 2 22
Albino Sarteur ................ 64,820 I7 3 22
G ermano Solferino ... 64,100 I 7 I 22
Felice Jachini ................ 73,560 I7 5 22
Carlo C e n to ............................ 69,120 I 7 I 22
Beno Bizzozero ................ 56,340 I7 8 21
Angelo Mosso ................ 74,500 I7O 49
Vittorio Abelli ................ 60,000 1*67 35
Ugolino Mosso ................ 59,500 1*64 41
Guiseppe Oberhoffer 58,300 i*6i 22
Pietro Chamois ................ 62,680 1*62 22
Pietro Ramella ................ 62,920 1*62 22
(See p. 8.)
Comparison between the changes in the rate of pulse and breathing in Turin 
(276 m.) and in Regina M argherita  H ut (4,560 m.) after the exertion of raising 
two dumb-bells weighing 5 kilogram s each above the head at 4-second intervals.
NAME.
1
DATE.
O PULSE. BREATHING.
u
y
B
ef
or
e.
A
fte
r.
B
ef
or
e.
<
Corporal Eugenio 
Camozzi ... 276 m.
July
12th 44 1 74 100 19 20
„ 13th 48 89 112 18
4,560 m.
A ugust 
16th 150 100 136 20 28
Santino M arta 
(so ld ier)................ 276 m.
July 
12 th 62 70 88 20 24
„ 13th 94 74 94 22 22
4,560 m.
August
14th 185 92 134 24 24
Albino Sarteur 
(so ld ier)................ 276 m.
July 
12th So 64 78 20 17
„ 13 th 110 68 100 19 14
4,560 m.
August 
16th 143 96 132 16 22
Corporal Felice 
J a c h i n i ................ 276 m.
July 
12 th Si 66 78 18
„ 13th 56 70 72 18 22
4,560 m.
A ugust
14th 76 68 104 18 24
” 15th 131 80 106 20 28
Pietro Chamois 
(so ld ier)................ 276 m.
July 
12th 82 60 74 21 24
„ 13 th 121 62 68 20 18
4,560 m.
August
13th 119 96 to 00 22 28
Giuseppe Oberhoffer j 
(so ld ier)................ 276 m.
July 
12 th 95 74 82 24 24
„ 13 th 124 70 86 23 22
■
1 4,560 m. j
August
14th 130 82 00 24 28
(See p. 193.)
Volume of air inspired in half an hour a t various altitudes. 
Experim ents m ade by Prof. Ugolino Mosso during the Monte Rosa E xpedition.1
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I. Gressonev la T rinità (alt., 1,627 metres).
I Jachini . . . 21 V II 9.25 a.m. 8-702 17° 65 cm. 261-075
2 „ . . . 21 „ 2.4 p.m. 950 18° „ 285010
3 Solferino. . . 22 „ 3 » 6-867 21° 206-223
4 Sarteur . . . 23  „ 3 » 6'93 25° „ 207-983
5 „ . . . 2 4  „ 1-30  „ 577 26° „ 177-203
6 Solferino. . . 24 „ 3-55 » 9-65 24 ° jj 289633
II. Indra Camp (alt., 2,515 metres).
I I I .  Linty H ut Camp (alt., 3,047 metres).
V R egina M argherita H ut (alt., 4,560 metres).
7 Jachini . . . 26 V II 10.45 a.m. 968 15° 62 cm.
8 Solferino. . . 26 „ 4.30 p.m. 6-952 16° „
9 „ . . . 29 » 9.35 a.m. 8-014 10“ „
10 Sarteur . . . 29 „ 10.50 „ 5'833 IO° „
11 Jachini . . . 29 „ 2.16 p.m. 9'437 12° „
290-405 
2o8"56i 
240-421 
174-990 
283-126
12 fachini . . . I V III 2.30 p.m. 8-129 15° 51 cm. 243898
13 Solferino. . . 2 „ 3-39 „ 10-122 13° „ 303-660
14 Sarteur . . . 3 » 3 ,, 7"345 12° » 220-354
IV. Gnifetti H ut (alt. 3,620 metres).
15 Jachini . . . 7 V III 2.20 p.m. 7-721 IO° 48 cm. 231-649
16 Solferino. . . 7 „ 4.20 „ 7-732 5° „ 231-866
17 Sarteur . . . 8 „ 5-25 „ 7-294 7° ” 218-828
18 Jachini . . . 12 VI I I 4.28 p.m. 9-214 7° 43 cm.
19 „ . . . 13 » 5-3°  h 9643 13° „
20 Sarteur . . . 16 „ 4-35 » 6-402 12° „
21 „ . . . 17 „ 10.25 a.m. 5-061 8° „
22 Solferino. . . 18 „ 10.20 „ 8-907 20° „
23 „ . . . 18 „ 1.45 p.m. 8-639 ' 9° „
276-427 
289-296 
192065 
151-830 
267-220 
259‘iy i
V I. Experim ents made on the return to Gressoney la T rinità (alt., 1,627 metres).
161-229 
301-973 
197-861
1 T h e  a ir  w as m easu red  by  m ean s of th e  sam e gas-m eter, valves an d  g u tta -p e rch a  
m asks w h ich  I m ad e  use  of. T h ese  ex p erim en ts  se rved  to d e te rm in e  th e  am oun t of 
ca rb o n ic  acid  e lim inated  in half an h o u r  a t various altitudes.
24 Sarteur . . . 23 VI I I 10 a.m. 5-374 15° 65 cm.
25 Jachini . . . 23 >» 11.20 „ 10-65 12° „
26 Solferino. . . 23 >. 3.40 p.m. 6-595 12° »
(See p. 222.)
Comparison between the volum e of air inspired at G ressoney 
and on the sum m it o f M onte Rosa.
P ro f. U g o l in o  M o s s o .
PLACE. DATE. TIME.
Te
m
pe
ra
tu
re
 
of
Li
tre
s 
of 
air
 
in
sp
ir
ed
 
in 
30 
m
in
ut
es
.
Li
tre
s 
of 
air
 
in
sp
ir
ed
 
in 
I 
m
in
ut
e.
A
ve
ra
ge
 
ra
te 
of
 
br
ea
th
in
g.
A
m
ou
nt
 
of 
av
er
ag
e 
in
sp
ir
at
io
n.
G ressoney Trinità, 1,627 m- 
Reg. Margh. Hut, 4,560 m.
24 V II 
12 VIII
10.10 a.m.
7 4 0  „
2 40 
8-6°
2 o 8"2 9
257-87
6-94
8-59
12
IS
0-758
0-660
Rate of 
breathing 
for every 
minute.
Volume of a ir in  c.c. in troduced into the  lungs at every inspiration.
GRESSONEY TRINITÀ.
11 602 482 602 602 506 554 554 554 530 506 53°
■3 602 482 554 626 53° 482 602 5 5 4 530 45 7 53° 554 578
13 530 578 578 602 578 602 723 4 3 3 578 578 482 578 53°
■4 506 554 385 506 482 45 7 409 576 53° 43 3 43 3 361 554
13 482 795 578 506 554 45 7 554 554 45 7 43 3 578 409 4 5 7
11 771 650 626 554 650 554 530 482 626 578 53°
12 578 4 33 578 530 771 53° 650 626 650 843 482 506
REGINA MARGHERITA HUT.
' 3 964 795 53° 554 650 795 650 482 626 698 578 385 626
13 698 602 4 3 3 6 74 93 9 698 409 819 602 578 698 602 554
12 554  1325 602 723 867 698 578 867 482 626 1 180 843
12 698 6 7 4 723 891 361 385 7 2 3 7 7 1 506 6 7 4 771 747
12 747 650 891 578 867 578 723 915 626 626 723 843
12 554 771 578 6 7 4 578  1036 1012 4 3 3 1012 1036 698 IO I2
13 626 650 626 771 578 747 9 3 9 1060 771 602 819 626 626
' 3 578 723 867 602 625 891 771 1036 747 626 771 613 602
‘ 3 915 698 93 9 1132 843 578 1012 84 3 698 795 650 939 674
14 6 7 4 723 9 3 9 578 723 1060 723 53° 4 3 3 1132 1084 723 771
T A B L E  IV .
(See p. 222.)
Comparison between the volume of air inspired at Gressoney  
and on the summit o f M onte Rosa.
B e n o  B i z z o z e r o .
■5
*o
*B.g 'Id *0y dc "  d 
r.3
PLACE. DATE. TIME. « « 
b «
H
1 1
3 3
11
<
c 5 
= '!•
E<
G ressoney Trinità, 1,627 m. 24 V II 9.0 a.m. 20° 2Ó2'69 8 7 s 11 o’808
R eg. Margh. Hut, 4,560 m. 12 VIII 8.15 „ 5-3° 27474 9.15 '5 0 ' 6 i  I
Rate of 
b reathing 
for every 
minute.
Volume of air in c.c. introduced into the lungs a t every inspiration.
G R E S S O N E Y  T R IN IT À .
10 723 602 891 747 964 771 1060 1084 723 1180
10 867 650 843 891 747 843 674 915 939 723
10 891 795 650 578 819 530 674 626 819 723
10 723 723 723 723 482 650 578 602 698 747
11 723 674 771 819 723 843 723 723 723 771 626
12 771 723 723 626 650 819 506 771 771 843 626 819
11 482 843 554 602 361 602 723 433 409 409 36r
12 795 843 698 843 723 771 795 795 771 819 939 795
13 915 915 988 771 771 867 578 578 650 361 457 554
11 578 747 843 843 915 771 843 843 795 843 674
9 939 602 723 723 795 819 289 626 578
10 747 795 891 723 964 891 964 915 674 723
10 1084 771 843 795 795 674 795 457 698 723
R E G IN A  M A R G H E R IT A  H U T .
12th August, 1894, 8.15 a.m. Temp. 5 '5°*
14 771 650 602 674 602 554 650 747 506 578 506 843 723
15 385
602
482 650 530 530 530 578 602 578 578 674 626 506 578
16 626
506
650
602
457 578 578 723 795 554 530 457 00 650 747 506
15 650
482
674 771 6 0 2 5 3 0 578 482 602 457 723 771 578 723 554
16 578
554
506
554
650 506 578 554 53° 554 554 530 482 530 6 0 2 554
16 626
578
602
506
53° 554 650 6 0 2 602 506 6 0 2 698 6 0 2 554 554 554
15 650
554
626 650 747 385 506 482 698 795 698 385 602 506 6 2 6
(See p. 222.)
Comparison between the volume of air inspired at Gressoney 
and on the sum m it o f M onte Rosa.
C o rp o ra l C a m o z z i .
PLACE. DATE. TIME.
Te
m
pe
ra
tu
re
 
of
Li
tre
s 
of 
air
 
in
sp
ir
ed
 
in 
30 
m
in
ut
es
.
Li
tre
s 
of 
air
 
in
sp
ir
ed
 
in 
I 
m
in
ut
e.
A
ve
ra
ge
 
ra
te 
of
 
br
ea
th
in
g.
A
m
ou
nt
 
of 
av
er
ag
e 
in
sp
ir
at
io
n.
Gressoney Trinità, 1,627 m- 
R eg. Margh. Hut, 4,560 m.
23 V II 
17 VIII
g. 50 a.m. 
11.40 „ co 
00 140^960
238-59
4 '9°  
795
8
9 O 
0
Rate of 
breathing 
for every 
minute.
Volume of air in  c.c. introduced into the lungs at every inspiration.
G R E S S O N E Y T R IN IT À .
8 602 939 915 939 964 843 915 723
6 1132 1156 843 939 964 988
7 964 1612 915 843 843 1084 867
6 1156 819 698 1084 1036 1084
7 964 723 964 964 723 723 337
7 674 53° 843 843 723 1200 602
7 602 650 915 723 723 843 578
7 723 964 843 723 650 723 643
8 1325 409 482 626 602 698 602 602
R E G IN A  M A R G H E R IT A H U T .
10 674 747 819 723 819 771 747 795 867 867
10 891 747 771 988 771 939 939 ' ° 3° 915 1036
11 891 843 867 795 409 433 53° 891 723 964 939
9 578 1036 819 915 1060 482 939 1084 747
8 1060 667 915 843 674 578 602 433
7 795 1084 1205 1 3 9 7 867 1277 1025
7 1132 1229 1180 9 1 5 1277 891 1180
7 1229 12 77 9 1 5 1132 1277 1108 1205
7 1253 1132 1180 1108 1188 1277 1084
(See p. 222.)
Comparison between the volum e of air inspired at Gressoney 
and on the summit o f  M onte Rosa.
A l b in o  S a r t e u r  (so ld ie r).
G ressoney Trinità, 1,627 m - 
Reg. Margh. Hut, 4,560 m.
24 VII 
14 VI I I
1.50 a.m. 
1.56 „
3 u
16870
174-84
« E
5-620
5-824
I I
0-562
0-582
Rate of 
breathing 
for even- 
minute.
Volume of air in c.c. introduced into the lungs at every inspiration.
GRESSONEY TRINITÀ.
8 1205 723 1012 915 891 915 843 I I8 0
8 1229 1180 1 108 891 964 1084 1036 843
7 1446 1325 1084 843 964 964 843
8 843 964 843 1084 843 964 964 964
8 843 843 650 795 723 1446 IO17 1036
8 1132 1036 1205 747 819 723 626 698
9 650 843 554 650 650 698 771 843 650
9 674 771 795 843 723 602 602 602 650
REGINA MARGHERITA HUT.
11 482 482 554 482 554 602 650 626 578 530
10 698 482 602 626 602 674 578 626 602 602
11 602 602 602 674 530 723 698 602 554 602 1397
11 795 457 457 385 457 578 506 482 457 530
12 554 457 506 SSO 482 506 409 409 554 482 409 530
11 554 482 433 626 626 530 482 482 482 433
10 409 433 409 482 626 361 433 385 482 433
11 409 361 361 409 385 385 361 385 361 409 433
T A B L E  V I I .
(See p. 222.)
Comparison between the volum e o f air inspired in Turin and on the 
summit o f  M onte Rosa.
P ie t r o  C h a m o is  (so ld ie r).
Turin 276 m.
Regina M argherita Hut, 
4,560 m.
15 V II
15 VI I I
16 VII I
10.0 a.m. 
8.50 „ 
4.0 p.m.
0.5E
20“
9 "4C
9°
I
23V5Ó7
265 ' 46 i
277752
al
7719
8-848
9-115
18 to 19 
16 
'S
I J
0.428
0-553
0-617
Hate of 
b rea th ing  
for every 
m inute.
Volume of a ir in c.c. introduced in to  the  lungs aUevery inspiration.
18 433 457 408 384
O00rt- O
00rt-
TURIN. 
384 432 504 360 432 409 457 457
'9
409
457
480
433
384
409
480
433 409 457 384 432 384 482 457 409 433 457
19
457
433
409
385
480
409
433
433
457
506 385 482 482 409 384 409 457 433 530
18
385
457
385
409
385
482
457
506
482
433 457 409 387 385 409 409 530 409 385
18
385
409
433
433
409
409
385
433 457 457 433 482 482 385 385 409 433 409
433 457
Cham ois arri
433 482
REGINA 
*ed at the hut on the 12th.
MARGHERITA HUT.
On the 15th I m ade the observations on the  breathing.
16 650 650 650 650 674 723 650 674 482 723 723 698 771 674
16
747
674
723
674 626 723 674 674 723 698 698 747 723 771 698 698
16
723
694
674
675
698
723
650
674
698 723 723 771 674 723 723 674 650 698 674 650
16 650 698 530 698 723 650 626 698 698 626 674 723
16
674
771
650
674 650 698 674 674 554 626 650 650 578 626 650 554
16
698
771
626
674 650 698 674 674 554 626 650 650 00 626 650 554
17
698
650
626
530 602 602 602 578 530 674 578 626 626 650 723 698
626 650 602
REGINA MARGHERITA HUT.
Observations m ade after four days' rest after the subject's arrival a t the altitude of 4,560 metres.
'S 433
650
723
443 530 530 626 554 602 602 650 554 578 626 698 650
•S 430 602 626 650 795 578 723 626 674 674 771 723 578
'5
795
723
650
625
674 674 723 626 723 819 891 313 771 747 747 819 698
14 650 626 626 602 650 650 674 602 674 626 626 650 626
T A B L E  V i l i .
(See p. 222.)
Comparison between the volume of air inspired in Turin and on the summit
of Monte Rosa.
G i u s e p p e  O b e r h o f f e r  (so ld ie r).
PLACE. DATE. TIME.
T
em
pe
ra
tu
re
 
of 
the
 
ai
r.
Li
tre
s 
of 
ai
r 
in
sp
ire
d 
in 
30
 
m
in
ut
es
.
Li
tre
s 
of 
ai
r 
in
sp
ire
d 
in 
1 
m
in
ut
e.
A
ve
ra
ge
 
rat
e 
of
 
br
ea
th
in
g.
A
m
ou
nt
 
of
 
av
er
ag
e 
in
sp
ir
-
Turin, 276 m .....................
Reg. Margh. Hut, 4,560 m.
13 V II 
15 VI I I
8 a.m. 
8 „
21°
7°
2Ó7'07Ó
275-824
8-90 
9 '19
20
19
0-445
0-483
Rate of 
breathing 
fo r every 
minute.
20 456 432 480 432 456 408 432 408 456 552 408
-3*
COCO 000-4* 552
408 456 432 408 456 408
20 384 408 408 456 442 456 552 576 384 408 384 384 552 408
408 504 408 456 432 456
21 504 504 384 384 5°4 408 456 432 5°4 408 408 384 360 552
552 408 432 432 408 432 552
20 432 456 480 384 384 384 5°4 408 408 504 456 432 408 504
528 504 408 408 432 432
384 38420 480 456 408 408 504 456 408 456 456 552 552 552
384 456 456 456 480 480
'7
19
19
19
20 
17 
17 
15 
17 
IS
Volume of a ir in c.c. introduced in to  the  lungs a t every inspiration.
T U R IN .
R E G IN A  M A R G H E R IT A  H U T .
Observations made after three days’ rest.
432 456 552 480 576 480 504 744 504 1056 456 408 456 576
360 480 432
480 528 504 576 504 480 480 552 480 456 528 480 552 384
312 432 504 576 576
552 552 432 480 480 600 600 480 408 456 384 504 528 408
360 552 288 456 432
336 360 600 480 456 456 528 480 456 456 456 480 552 600
480 360 432 408 624
456 456 456 528 552 504 408 384 384 480 624 456 480 576
528 456 480 600 528 552
720 648 792 576 552 648 672 552 672 648 600 576 624 600
504 504 360
480 576 504 600 504 480 480 552 504 528 528 504 624 576
5°4 576 504
576 576 528 672 576 672 552 576 576 648 528 552 480 648
648
552 480 552 624 528 432 456 528 576 480 576 432 360 552
576 576 504
600 576 600 552 864 648 696 744 792 672 648 648 600 360
576 #
(See p. 221.)
Comparison between the volume of air inspired at Gressoney and on the summit
of Monte Rosa.
G e r m a n o  S o l f e r i n o  (S o ld ie r) .
PI.ACE. DATE. TIME.
Te
m
pe
ra
tu
re
 
of
Li
tre
s 
of 
ai
r 
in
sp
ire
d 
in 
30
 
m
in
ut
es
.
Li
tre
s 
of 
ai
r 
in
sp
ire
d 
in 
1 
m
in
ut
e.
A
ve
ra
ge
 
ra
te 
of
 
br
ea
th
in
g.
A
m
ou
nt
 
of
 
av
er
ag
e 
in
sp
ir
-
GressoneyT finità, 1,627m. 
Reg. Margh. Hut, 4,560 m.
23 V II 
12 VI I I
8.5 a.m. 
9-45 »,
IO°
11*6°
192-58
166-29
6-41 
5' 54
IO
14
0-641
0-390
Rate of 
breathing 
for every 
m inute.
Volume of air in  c.c. introduced in to  the  lungs at every inspiration.
GRESSONEY TRINITÀ.
10 723 530 674 723 602 723 6 5 0 650 602 433
10 530 554 698 554 843 698 747 530 385 650
10 747 650 650 554 554 578 530 554 482 723
8 602 694 723 819 723 530 819 771
9 1036 723 1205 964 843 723 843 1012 723
9 843 723 723 723 964 843 723 771 578
10 1084 723 723 795 650 650 819 915 747 964
9 723 723 723 674 723 867 578 771 723
9 723 723 602 409 626 602 747 554 795
9 771 771 626 867 891 819 795 795 723
10 SSO 433 482 554 530 602 530 506 530 42* CO h)
REGINA MARGHERITA HUT.
12 482 409 433 433 337 385 409 433 361 409 385 361
12 457 385 409 385 385 385 482 433 578 433 409 554
12 457 457 385 313 265 289 409 409 457 361 3 I3 313
13 337 337 289 289 361 337 337 361 385 265 409 313 313
14 361 361 241 313 313 241 241 361 361 265 265 265 337 3*3
IS 241 241 241 433 433 361 337 265 241 241 241 241 216
14 192 433 433 409 433 409 385 385 313 289 289 313 289 241
T A B L E  X.
(See p. 152.)
V it a l  C a p a c it y
of some of the members of the Monte Rosa expedition, the measurem ents being 
taken in T urin (276 m.) and in Regina M argherita H ut (4,560 m.).
(The values given in cubic centimetres were found by taking the average of three 
successive observations. From  four to five minutes were allowed to elapse 
between one measurem ent and the next in each individual, so that the lungs 
m ight return to their normal state.)
TURIN. REGINA MARGHERITA HUT.
A. M osso................ 3,888 c.c. 3,108 C.C. 780 c.c.
B. Bizzozero 4 ,200 „ 3,653 ,, 547 „
Solferino................ 4,556 „ 4,434 ,- 122 „
M arta ................ 5,206 „ 4,651 „ 555 ,,
S a r t e u r ................ 5,205 „ 4,723 „ 482 „
Jachini ... ... 4,795 ,, 4 ,508 „ 287 „
T he soldiers Chamois and Oberhoffer ascended Monte Rosa directly from 
Ivrea without acclimatising themselves.
C ham ois................ 3,678 c.c. 3,276 c.c. 402 C.C.
Oberhoffer 3,179 ,, 2,734 „ 445 »
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